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1.0 INTRODUCTION
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1.1 PURPOSE

This documentprovides Level C detailed requirements for the orbital operations
computer loads, OPS2 and OPS8. These requirements represent the total
Onorbit/Rendezvous Navigation baseline requirements for the following principal
functions.

A. Onorbit/Rendezvous Navigation Sequencer

B. Onorbit/Rendezvous UPPSequencer

C. Onorbit/Rendezvous Navigation

D. Onorbit Prediction

E. Onorbit User Parameter Processing

F. Landing Site Update

The Onorbit/Rendezvous Navigation baseline was published in November1977 based
on an October 14, 1977 MDTSCOinput. Th_s documentreflects a January 19, 1979
block update to the November1977 baseline.

The changes to the Onorbit/Rendezvous baseline that this documentrepresents
resulted from the following meetings.

A. A July 13, 1978 Orbiter Avionics Software Control Board (OASCB) meeting in

which the 13 state Kalman filter concept was approved for rendezvous

navigation.

B. An August 3, 1978 (OASCB) meeting at which numerous Change Requests (CR's)

to the November 1977 baseline were approved.

Co A November 20, 1978 meeting with the Mathematical Physics Branch at JSC

wherein a complete restructure of the November 1977 FSSR was authorized.

The purpose of the restructure is to bring the text into close correspon-

dence with the suggested implementation given in the flow charts located in

the appendices.

The following is a list of CR's that were incorporated into this document.

CR 2599B CR 12374

CR 12164 CR 12419

CR 19167 CR 12442A

CR 12266A CR 12456A

CR 12285 CR 12478

CR 12286 CR 12545

CR 12326 CR 12623

CR 12661 CR 12803

I-I



CR 12681
CR 12765A
CR 12817
CR 12818A
CR 12819A
CR 12823
CR 12825B
CR 12676

CR 12812A
CR 12813A
CR 12820
CR 12821
CR 12822
CR 12824
CR 12214A
CR 12019

79FMI0
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1.2 ORGANIZATIONANDSTRUCTURE

The organization of the November1977baseline has been extensively revised in
order to structure the text closely to the suggested implementation given in the
flowcharts of appendices B, C, D, E, and F. In order to accomplish this task
the following guidelines were developed for the organization and text structure
of this document.

Guideline I. - Each flowchart in the AppendicesB, C, D, E, and F will be classi-
fied either as a subroutine, function, or code. The subroutine or function clas-
sification will be given for the following reasons:

(I) to avoid duplication of code,
and

(2) to clarify the function of the flowchart with text and Input/Output
(I/O) tables.

Guideline 2. - The requirements for each subroutine and function will be
described in one and only one text section of chapter 4.

A flowchart labeled code is to be regarded as in-line code and will be explained
in the text section belonging to the subroutine in which the code is located.
If a subroutine calls another subroutine or executes code, the CALLor EXECUTE
statement will appear in the associated text. Text section descriptions will
closely follow the associated flowchart.

Guideline 3. - Those text sections describing subroutines and functions will

have Input/Output (I/O) tables.

The determination of Input and Output variables to a given subroutine can be

quite subtle so the following simplistic definitions are proposed.

I

Input Variables

(i) Those variables needed to be input to the routine for the proper execution

of the subroutine or function, e.g. variables used in computations, vari-

ables used in logical tests both implicit and explicit, etc.

(2) Variables in the INLIST to the subroutine.

Output Variables

(I) Those computed variables needed by other routines.

(2) Variables in the OUTLIST of the subroutine.

(3) Variables computed for the DOWNLIST.

I I-3
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Guideline 4. - Each I/O table will have the format given in Figure 1.2-I. The
variables in the INLIST and OUTLIST as arguments to the subroutine have only

local names so a special arrangement should be made for these variables by list-

ing them under a special section in the Input/Output (I/O) tables with a slight-

ly different format.

*NOTE:

INLIST/OUTLIST* !

INTERNAL ! EXTERNAL! INPUT SOURCE

NAME I NAME I
! !

R ! R FILT ! Subroutine A
! !

! R TV ' Subroutine B
p --

I I

H ! ALT !
! !

OUTPUT !

DESTINATION !
!
!

!

!
!

!

Subroutine A !
Subroutine B !

VARIABLE NAME

V FILT

R TV

, i !

! Subroutine A I Subroutine B !

! ! !

! Subroutine C ! i

! i .'

Figure 1.2-I.- I/O table format.

If the subroutine has no INLIST or OUTLIST then the INLIST/OUTLIST por-

tion of the I/O table will be omitted.

Input variables may be obtained by looking at the input source column and output

variables may be obtained by looking at the output destination column.

Guideline 5. - Text sections describing Principal Functions will also have

Input/Output Tables.

The Principal Function (PF) I/O will show Input/Output flow between principal

functions. The Principal Function I/O variable definitions will be consistent
with those used to define I/O variables for subroutines. The Principal Function

I/O tables will have the format given by Figure 1.2-2. Local destination refers

to the local subroutine needing the PF input variable. Local source refers

to the local subroutine outputting the PF output variable.

I-4
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! ! PRINCIPAL! ! PRINCIPAL ! !
! VARIABLENAME! FUNCTION! LOCAL ! FUNCTION ! LOCALSOURCE!
! ! SOURCE ! DESTINATION ! DESTINATION ! !
! ! !
! ! !
! ! !
! ! !
! ! !
!
!

! ! !
! ! !
! !
!

Figure 1.2-2.- Principal function I/O table format.

Since one of the more important interfaces between Principal Functions is

involved with the "snapping" of data, it is proposed that this type of interface

be indicated in a special way by the Principal Function I/O tables• Variables

involved in the IMU and Attitude Data Snap (section 4.2•2.1) or the Rendezvous

Sensor Data Snap (section 4.2.2.2) will be given the variable name used by the

appropriate SOP when that SOP supplies the variable for the Data Snap. The
local destination will be labeled DATA SNAP and the reader will be referred to

_h_ _ section explaining the Data Snap This _^_ ..... _ have _i^_ _^,._.
the correspondence between the external SOP variable names and the variable

names used by the Principal Function for the "snapped" variables.

Guideline 6. - In the November 1977 baseline document there is quite a bit of

redundancy in the information supplied by various tables. For example, preci-

sion requirements are frequently given whenever a variable is listed in an I/O

table. While such a practice can be defended on the grounds of clarity and con-
venience, it can lead to inconsistencies between tables. This FSSR will

employ central tables which will collate tabular information in one and

only one place. It is proposed that the variable list in Appendix A as well

as the variable lists of Appendices C, D, E and F be expanded to include
all of the following information.

I •

2.

Variable Name - The HAL variable name used in the flowcharts.

Precision and Type - This column will contain the following symbols:

DF: double precision floating point scalar

DF(n): double precision floating point n-dimensional array

DF(n,m): double precision floating point n by m matrix

SF: single precision floating point scalar

SF(n): single precision floating point n-dimensional array

I-5
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SF(n,m): single precision floating point n by m matrix

I: integer (unless otherwise specified all integer quantities are
assumedto be single precision)

Bit: variable having only the values 0 or I

Char: character string

3. Initialization category - This column will categorize the OPS-2navigation
parameters for initialization purposes.

Mission Dependent (I-LOAD)

Design Dependent

Level A constants

Hard Codeable

OPSTransition parameters

Other required _nitial values

4. COMPOOLor Local - This column will specify whether or not the variable
is local or is required to be in COMPOOL.

5. Description - This column will provide a definition of the parameter.

6. Initial Value - This column will supply the numerical value for the Design
Dependentand Hard Codeable parameters as well as other required initial
values.

7. M/S ID - This column provides the M/S ID numbers for the variables in
the PF I/O Tables.

8. Uplink/Downlist - This column will state which variables are uplinked
or are to be downlisted.

Guideline 7. - Information that can be found in the Central Tables will not be

duplicated in any other table unless necessary.

Corollary to guideline 7 is that there will be no collated Mission Dependent Pa-

rameter List (I-LOAD) and no collated Downlist. Rather, these variable lists

can be gleaned from the information contained in the Central Tables in the
Appendices.

P
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1.3 THECHANGELOG

The changesmadeto the November1977 baseline are documentedin the following
change log (table 1.3).
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2.0 APPLICABLE DOCUMENTS

I

Document no.

! !

! Title !

! !

!

! SS-P-0002-140F

!

!

!

! SS-P-0002-170D

I

! SS-P-0002-510K

I

I SS-P-0002-520

I

! SS-P-0002-530
I

I

! SS-P-0002-540

!

!

! SS-P-0002-550G
!

!

! SS-P-0002-560

!

I

! SS-P-0002-570
!

l

! SS-P-0002-580

!

! SD76-SH-0020G
!

!

! SS-P-0002-195

!

!

! SS-P-0002-110D

!

!

! !

I Computer Program Development Specifica- !

! tion, Volume I, Book 4 Downl_st/Uplink !

! Software Requirements !
! l

! OFT System Level Requirements, Software !
! !

! OFT Functional Level Requirements, GN&C I

I !

! OFT Detail Level Requirements, GN&C !

! !

! OFT Functional Level Requirements, Sys- !

! tems Management !
! l

! OFT Detail Level Requirements, Systems !

! Management !
! !

! OFT Functional Level Requirements, I

! Vehicle Utility-02 !

! !

! OFT Detail Level Requirements, Vehicle !

! Utility-02 !
! !

I OFT Functional Level Requirements, Pay- !

! loads !

I !

! OFT Detail Level Requirements, Payloads !
! !

I OFT Flight Software System Requirements, !

! Displays and Controls !
I !

! OFT I-LOADS Flight Software System !

! Requirements !
! !

! OFT System Level Requirements (Level A)!
! Constants !
! !
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3.0 OVERVIEW

3.1 OPERATIONAL NAVIGATION PROGRAM

For the Orbiter flight tests, the Operational Navigation Program (ONP) will con-

sist of two versions, one for the approach and landing test (ALT) and one for

the orbital flight test (OFT). The requirements for each ONP are specified at

three levels: system level (A), functional level (B), and detailed level (C).

In addition, the Level B and C requirements are specified in separate documents
for guidance, navigation, and control (GN&C); system management (SM); vehicle

utility (VU) and payloads (PL). This document is the Onorbit and Rendezvous nav-

igation part of the GN&C Level C OFT ONP requirements.
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3.2 GN&C SOFTWARE MAJOR FUNCTIONS

The Orbiter general-purpose computer (GPC) provides the following GN&C major

functions:

- Guidance (GUID)

- Navigation (NAV) '

- Flight Control (FC)

- Redundancy management/moding, sequencing, and control (RM/MSC)

- Subsystem operation programs (SOP)

- Displays and controls (D&C)

- Other

This document specifies the software functional requirements for the GN&C major

function, onorbit and rendezvous navigation.
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3.3 NAVIGATIONSYSTEMOVERVIEW

The basic function of the navigation system is to provide an accurate estimate
of the Orbiter and target state using orbital dynamics (for coasting flight),
IMU data (for powered flight) and NAVAIDdata which may be used with or without
IMU data. This documentprovides detailed navigation software requirements for
the onorbit operational sequences:

- Onorbit Operational Sequence(0PS2)

- Flight Control System Checkout Operational Sequence (OPS8)

D
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3.3.1 Navigation Functions

In general, the navigation software requirements can be divided into the follow-

ing major functions:

Navigation Control. Performs the initialization of navigation function parame-

ters and sets up the sequencing of functions to accomplish navigation require-
ments.

Measurement Scheduler. Selects the appropriate sensor measurements in accor-
dance with selection criteria.

Data Handler. Prepares data for sensor measurement processing.

Nav__ation Reconfiguration. Initializes state vector and covariance matrix for
sensor measurement processing, for manual updates, for ground updates or for

changes in sensor type.

State and Covariance Propagation. Propagates the state and the covariance

matrix for sensor measurement processing. Also propagates state for user parame-
ter calculations.

State and Covariance Update. Determines and performs the state and the

covariance matrix updates.

User Parameter Processing. Computes state-related parameters for guidance and

display and control, and provides high rate propagation of the state vector.

In this document, the details of the major functions are presented under the fol-

lowing Level B principal functions:

(I) Onorbit/Rendezvous Navigation Sequencer

(2) Onorbit/Rendezvous Navigation

(3) Onorbit User Parameter Processing Sequencer

(4) Onorbit User Parameter Processing

The details of each function are shown in Appendices B, C, D and F in the form

of flowcharts of the modules comprising each function. The interconnection of

the functions and component modules is shown by means of a 'block' diagram in

Appendix G.
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The navigation software requirements as presented makeassumptions about how
non-navigation functions will be performed. Completion of the software require-
ments will require adequate definition of the timing and data time-tagging
mechanization and the IOP mechanization. Changesin the navigation software re-
quirements may be necessary, depending on actual implementation of the non-

navigation functions.
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3.3.2 Navigation-Related Functions

The navigation-related function is the Landing Site Update principal function.

This function provides the capability to reconfigure the dynamic parameters

pertaining to the runway and TACAN sites, which are to carry over into OPS 3.

The Landing Site Update function is itself a Level B principal function. Flow-

charts for this function are given in Appendix E.
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3.3.3 General Requirements

This section discusses software requirements in the categories of service,

single-use, or multiple-use that are not uniquely related to the navigation
function.

The general requirements include, but are not limited to, the following:

Coordinate transformations (this publication contains transformations required
for navigation).

Onorbit Prediction - this function provides the capability to propagate a state

vector forward or backward in time over possibly large time intervals when

requested by a user. Onorbit prediction is a Level B principal function.

Flowcharts for the general requirements functions are contained in Appendix C.
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3.3.4 Requirements and Assumptions Overview

The following two sections present an overview of the requirements and assump-

tions of the OFT Onorbit/Rendezvous GN&C navigation-related software.

3.3.4.1 Requirements Overview

The following statements are navigation requirements that must not be violated.

To illustrate the requirements, references are made to the flowcharts in Appen-
dix B.

I . During the time that a state vector is being read by non-navigation applica-

tion software, that state vector or portions thereof will not be updated by

the navigation software. The reset equations in the user parameter

propagator shall be so protected.

. Statements that snap data upon entry into navigation shall be made so that

a timewise consistent set of data is obtained before the set of data is

used.

3. The navigation sensor read functions must not be interrupted by other pro-

grams until they are completed.

. Since the acceleration models are to be used by both a navigation processing

principal function (onorbit or rendezvous navigation) and the predictor

principal function, execution of the model (for a given cycle) shall not be

interrupted (ACCEL_ONORBIT).

. The specific display interface flags (PWRDFLTNAV, RENDNAVFLAG, MEAS

ENABLE, ANGLESAIF, RANGE_AIF, RDOT_AIF) shall not have their values changed

by any source external to navigation during the execution of a navigation

cycle.

6. The Onorbit/Rendezvous sequencer principal function shall have the capabil-

ity to execute at a maximum rate of one cycle each 1.92 seconds.

3.3.4.2 Assumptions Overview

The following sections present the assumptions that were used in the development

of the Level C Onorbit/Rendezvous requirements. The first section consists of

those assumptions made that affect onorbit requirements as well as assumptions

that affect both onorbit and rendezvous requirements. Section 3.3.4.2.2 con-

tains only rendezvous related assumptions.

3.3.4.2.1 0norbit/rendezvous assumptions

I. No on-board external data are processed during the non-rendezvous portion of

operational sequence (OPS) 2 (i.e., onorbit coast and onorbit powered

flight). One-way Doppler tracking and data relay satellite system (TDRSS)

3-8
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measurement incorporation is not currently planned for the orbital flight
test (OFT) program.

2. A six-dimensional state vector is maintained during non-rendezvous portions
of OPS 2 and during OPS 8 (three position and three velocity).

1 Prestored values for a nominal body contact force (due to venting and/or
uncoupled thrusting, etc.) and vehicle/payload area configuration are

required for acceleration models.

. The inertial measurement unit subsystem operating program (IMU SOP) provides

an estimate of the total accumulated IMU velocity at the time of a data
snap in the presence of commfaults.

5. OPS 2 and OPS 8 computational accuracy is assumed to be of API01 double pre-

cision accuracy where mixed mode arithmetic is employed.

. Use of the powered flight propagation integrator is controlled by setting

the PWRD FLT NAV flag. This flag is set by either moding, sequencing, and

control _MSC_, or by the crew via _tem entry on the REL NAV display (in OPS

2) or the FCS_DISC/O display (OPS 8). MSC will activate the powered flight

propagator upon entrance into Major Mode 202 and deactivate the propagator
upon transition from Major Mode 202 to Major Mode 201. The crew can

activate/deactivate the powered flight propagator in Major Mode 201 specifi-

cally to handle major manual translation maneuvers and auxiliary power unit
(APU) venting (during OPS 8) using the REL NAV display (OPS 2) or the FCS

DISC/O display (OPS 8). - -

. Use of sensed velocity in the navigation state propagator is triggered by en-

trance into the onorbit or rendezvous powered flight navigation phase

(Event 67 OPS 2, or via crew control on the REL NAV or FCS DIS C/O display

in Major Mode 201 or 801) and by testing accele_ometer output versus

prestored threshold levels (one level used for OPS 2 and a second value for

APU venting in OPS 8).

8. Backward and forward integration capability is provided for state prediction

and propagation.

9. Current attitude is used for propagation.

10. The precision state prediction function has accuracy comparable to that of

the precision state propagation function and has the option of being
executed in a faster (but less accurate) conic mode.

11. Acceleration models include both attitude-dependent and constant ballistic

coefficient drag, a venting/RCS body contact force, and Earth gravity
effects.

12. Only one Orbiter and/or target state vector shall be maintained during

all navigation phases in OPS 2 and OPS 8.
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13. The acceleration due to lift force is" assumed to be negligible in the

atmospheric drag acceleration model.

14. An automatJ c in-flight update capability will be provided by which the

ground can uplink either an Orbiter or a target state vector (M50) and

associated time tag during any navigation phase (rendezvous or nonrendez-

vous). The following additional assumptions apply to this capability:

a. The ground shall uplink one vehicle state (three position, three veloc-

ity, associated time tag, and OPCODE) at a time.

b. The on-board software receiving this data (ground uplink hlgh-rate spe-

cial processing S/W processor) will set the DO OV UPLINK or DO TV UPLINK

flag to ON to specify whether the uplinked data pertains to Orbiter or

target, and set up one of the following two variable sets depending on
the results of this test:

Orbiter target

uplink uplink

R GND

V GND
or

R TV GND

V TV GND

T GND T TV GND

DO OV UPLINK = ON DO TV UPLINK : ON

Cg The navigation software has the capability of reinitializing the Orbiter

and/or target state vectors (and associated covariance matrix during

rendezvous) in a single navigation cycle.

d. If a target vector is uplinked during a nonrendezvous navigation phase,

it is stored for eventual use in a rendezvous phase.

15. Propagation of Orbiter position and velocity vectors will be performed by

use of the precision integration scheme (during onorbit and rendezvous

coasting flight navigation phases) and by use of the super-G integration

scheme during onorbit and rendezvous powered flight navigation phases.

Propagation of the target position and velocity vectors will be performed by

use of the precision integration scheme in all rendezvous-related navigation

phases (coasting and powered).

16. If the sensor (including IMU) SOP's are not in the same general-purpose com-

puter (GPC) as the navigation filter software, then:

a. Data and time tag must be preserved as a pair

b. ICe transmission rate must be fast enough such that the data time tag

and current time (in navigation GPC) difference shall not adversely af-

fect navigation software performance.
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If the sensor SOP's and navigation filter reside in the sameGPC, then:

a. Data must be time tagged

b. Data must be the latest available at the time of the data snap.

17. The onorbit/rendezvous navigation sequencer will always snap IMU data and
predict the last available state vector to current time whena memorytransi-
tion has been performed:

OPSI to 2
OPS2 to 8
OPS3 to 2
OPS8 to 2
OPS0 to 2

18. The onorbit/rendezvous navigation sequencer is capable of responding to the
following crew-controlled functions on the REL_NAVand FCS_DIS_C/Odisplays:

a. RELNAV

(I) Enable/disable onorbit and rendezvous navigation phases.

(2) Changethe rendezvous navigation state vector propagation rate
from high to low and vice versa.

(3) Activate/deactivate the powered-flight propagator during Major Mode
201 (refer to Assumption 6).

(4) Allow measurementprocessing during rendezvous navigation, Major
Mode202.

b. FCS_DIS_C/Odisplay (OPS8):
propagator.

Activate/deactivate the powered flight

3.3.4.2.2 Rendezvousonly a_ssumptions

I. The onboard navigation software will store premission data for only one tar-
get vehicle.

o It is assumed that one of the vehicles (either target or Shuttle) will have

an accurately known position and velocity vector throughout the rendezvous

navigation phase. The onboard navigation will carry a flag (SHUTTLE FILTER

FLAG) which will determine whether the Shuttle or target state vecto_ will -

be updated by the Kalman f_lter. The present design assumes that the

SHUTTLE _FILTER FLAG will be a mission dependent (I LOAD) parameter; however, it

is anticipated That future requirements may dictate that this flag be

changed via UPLINK or crew display. Accordingly, any implementation should

have the flexibility to allow for such a change with minimum impact.

3-11



.

79FMI0

The state vector maintained for rendezvous navigation will consist of 13

components.

Component no.

I-3
4-6

7-9

10-13

Description

Vehicle position (Shuttle or target)

Vehicle velocity (Shuttle or target)
Unmodeled acceleration estimates

Rendezvous tracker bias estimates

.

,

6.

.

o

.

A capability shall be available to make the unmodeled acceleration states

consider parameters only. In this mode, the unmodeled acceleration states

are not updated by Kalman processing but the statistics are carried in
the covarlance matrix to act as state noise. An I-LOAD parameter will

determine if this capability is in operation or not and this parameter

will not be changed throughout the mission.

There is no capability to uplink vents or thrusts for the target vehicle.

A 13 by 13 covariance matrix of Aries mean of 1950 position and velocity,
unmodeled acceleration bias errors, and of (at most) four rendezvous

tracker (instrument) biases is propagated during rendezvous coast and

rendezvous powered flight navigation phases.

A valid or appropriate target vector shall always be I-LOADED or UPLINKED

prior to entry into the rendezvous navigation phase.

Upon entering rendezvous navigation, the covariance matrix is inlt_alized

to values stored in certain memory locations. These values are initialized

through I LOAD and the position-velocity submatrix may be redefined with

a ground uplink at any time.

The capability to load a premission determined set of known sensor biases
(determined by calibration) into the bias slots of the navigated state

vector shall be provided.

10. Both target and Orbiter states shall be propagated but only one state

will be updated by the Kalman filter.

11. The covariance propagation shall be done at a multiple (NCYCLE) of the state

propagation rate to allow for slower measurement processing during high rate

propagation although the measurement data shall be snapped at the higher

rate. The following subfunctlons shall be done at the covariance propaga-
tion rate.

a. Sensor measurement selection

b. Measurement reconfiguration

c. Covarlance matrix propagation

3-12



I

I

79FMI0

d. All measurement incorporation subfunctions

e. Measurement processing statistics

12. All rendezvous tracker bias variances are propagated as exponentially

correlated random variables in the error covariance matrix propagation.

13. The unmodeled acceleration bias states are propagated as exponentially
correlated random variables.

14. The covariance matrix can be reinitialized in any of four ways:

a. Execution of Orbiter to target state transfer on the REL NAV display,
-

b. Execution of target to Orbiter state transfer on the REL NAV display,

c. Execution of covariance matrix reinitialization on the REL NAV display,

or

d. Auto inflight update of either the target or the Orbiter.

In each of these cases the covariance matrix is set to the values contained

in a specified set of memory locations. The posit_on and velocity portions

of the covariance matrix are computed using parameters that can be changed

by ground uplink.

15. The following external data will be processed during the rendezvous coast

navigation or during rendezvous powered fl_ght when measurement processing
is enabled and the acceleration level is below a predetermined threshold.

a. Rendezvous radar shaft angle, trunnion angle, range, and range rate

b. Star tracker horizontal and vertical angles

c. Crew optical alinement sight (COAS) horizontal and vertical angles.

16. External measurement angle data are selected and processed mutually

exclusively on an instrument basis. The rendezvous radar range and range

rate may be processed with COAS, star tracker, or rendezvous radar angles.

The display interface processor (DIP) will ensure this by activating the nav-
igation sensor selection ENABLE flag for only the most recently crew-
selected instrument.

17. External measurement data processing is inhibited for display and state

vector updates whenever IMU sensed delta velocities are in excess of a de-

sign dependent amount (MEAS_THRESHOLD).

18. During Major Mode 202, when the MEASENABLE switch on the REL_NAV display is

set to ON, the measurement statistics for display only will be computed if
the data are identified as valid.
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19. If a sensor AUTO/INHIBIT/FORCE (AIF) flag is switched to FORCE by the crew,
this FORCE will be acknowledged by navigation for one navigation cycle only.

After one cycle the flag must be reset to FORCE in order to force data.

After the AIF flag has been processed, a copy of the AIF flag is

communicated to the REL_NAV display by navigation.

20. There shall be a bilevel edit criterion in the navigation filter. If the

crew attempts to force data, the allowable residual ratio threshold shall be

formulated as the larger of either the sum of the last residual ratio for

the measurement type being processed and a design dependent amount (DELTA

RESID_RATIO) or the number I. For angle data the last residual ratio is

equal to the greater of the two angle residual ratios from the previous
cycle.

21. There shall be a data valid flag for rendezvous radar range and a data

valid flag for rendezvous radar range rate. There will be a single data

valid flag for each of the following angle sets: Rendezvous radar angles,

star tracker angles, and COAS angles.

22. COAS processing is formulated such that data which is stale by more than a

design dependent amount (DELTAT_COASMAX) is considered invalid data and

is not processed. Furthermore, the same data will not be incorporated twice
by the filter.

23. The star tracker SOP shall supply a flag indicating that the star tracker is

in the target tracking mode.

If the star tracker is not in the target tracking mode then the angle data
are considered invalid and it is not processed by the filter.

24. The "Rendezvous Radar SOP shall supply a flag indicating _f the rendezvous

radar is in the self test mode and, if it is, none of the rendezvous radar

measurements (range, range rate, or angles) are processed by the filter.

25. Kalman filter statistics (residuals and residual ratios) will be calculated

and displayed for each sensor type (range, range rate, angles) whenever

rendezvous navigation is enabled and the sensor data are valid.

3.3.4.2.3 General requirements

Figure 3.3-I presents the assumed verified OFT transitions for OPS 2 and OPS 8

and a summary of the events and major mode (MM) transitions that the Onorbit/
Rendezvous Navigation Sequencer principal function must account for. The

following list of assumptions applies to these verified transitions:

I. There are four navigation phases: onorbit coast, rendezvous coast, onorbit

powered flight, and rendezvous powered flight.

2. OPS 2 can be entered from OPS I and can only begin with the onorbit coast

navigation phase of the Onorbit/Rendezvous Navigation principal function.
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A flag, REND_NAV_FLAG, shall be set (and reset) external to the onorbit/

rendezvous sequencer and onorbit/rendezvous navigation principal function.
It is assumed that the crew will control this flag setting via the REL NAV

display. MSC may also control the flag for automatic transitions.

Once the onorbit navigation phase or the rendezvous navigation phase has

been activated (while in Major Mode 201), the transition from one to the

other can be controlled via crew resetting of the REND NAV FLAG via the REL

NAV display. This option is also available during Major Mode 202.

Entry into OPS 2 from OPS 3 can only occur when onorbit navigation is used

(i.e., cannot begin OPS 2 with rendezvous navigation when coming from OPS 3).

Whenever reentering OPS 2 from OPS 00, entry is assumed to be made into

Major Mode 201 with onorbit navigation active.

Transition to OPS 3 from OPS 2 (Major Mode 201) can occur while either on-

orbit or rendezvous navigation is active.

Transitions into OPS 2 and OPS 8 can only begin with onorbit navigation ac-

tive in the coast flight phase.

It is assumed that OPS 2 and OPS 8 are separate memory loads in which all

navigation software for the latter is contained within the former. A memory

transition shall take place to transfer those OPS 2 principal functions
needed for OPS 8, namely

a. Onorbit/Rendezvous Navigation Sequencer

b. Onorbit/Rendezvous Navigation

c. Onorbit/Rendezvous User Parameter Processing Sequencer

d. Onorbit User Parameter Processing

e. Onorbit Predictor

The navigation sequencer will currently indicate a cancellation and

rescheduling of ONORBIT RENDEZVOUS NAVIGATION during the transition from OPS

8 to OPS 2 or OPS 2 to OPS 8, because of this assumption.

3-15



FROM OPS 1

FROM _E_ 60 __.TOOPS 3 CAN PROCEED 4

OPS 3 I TO OPS O0 FROM

I_1201, 202, OR

" 6OA "' I 84
60H 73 4
TO OPS 3 J

I MANEUVER ] I
EXECUTE
MM202 II

I
L_

I
..J

OPS 2

EVENT SUMMARY

EVENT NO. DESCRIPTION CRITERIA SOURCE

60 I06---,-201 OPS 201 PRO CREW

60A OPS 8---,-201 OPS 201 PRO CREW

60B 201----OPS 8 OPS 801 PRO CREW

67 201----202 PRO OR OPS CREW

202 PRO

73 202--,-201 PRO OR OPS CREW

201 PRO

84 OPS 00--"201 OPS 201 PRO CREW

85 201----OPS 3 OPS 301 PRO CREW

El OPS 3----201 OPS 201 PRO CREW

60H OPS 8 --,-OPS 3 CREW

83 OPS 2--,-OPS O0 CREW/MSC

Figure 3.3-I.- Verified OFT transitions.
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3.4 TRACEABILITY

Table 3.4 shows the traceability of the software segments in FSSR Level C with

respect to the CPDS Level B, January 8, 1979.

TABLE 3.4.- SOFTWARE REQUIREMENT TRACEABILITY

! !

! CPDS Level B !

! Section No. !

! !
Software Segment

! !

! FSSR Level C !

! Section No. !

! !
!

! 4. 148

!

! 4.198
!

!

! 4.126

!

! 5.20

!
! 4.22

!

! 4.224
!

! ! I

! Onorbit/Rendezvous Navigation Sequencer ! 4.1 !

! ! !

! Onorbit User Parameter Processing ! 4.4 !
! Sequencer ! !

! ! !

! Onorbit/Rendezvous Navigation ! 4.2 !
! ! !

! Landing Site Update (Specialist Function) ! 4.6 !
! ! !

! Onorbit User Parameter Processing ! 4.5 !
! ! !

! Onorbit Predictor ! 4.3 !
! ! !
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3.5 OPERATIONAL SEQUENCES AND MAJOR MODES

Table 3.5 identifies the OPS 2 and OPS 8 operation sequence major modes as

referenced in Section 4, Detailed Requirements, and Appendix B. Detailed

descriptions may be found in the Level B CPDS, January 8, 1979.

TABLE 3.5.- OPERATION SEQUENCE MAJOR MODES

!
!

! Major Mode No.
!
l

!
!
!
l
l
!
l

201

202

OPS 8

Onorbit/Rendezvous

Phases

Onorbit powered flight
Onorbit coast

Rendezvous powered flight
Rendezvous coast

Onorbit powered flight
Rendezvous powered flight

Onorbit powered flight
Onorbit coast
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3.6 IMPLEMENTATIONCONSTRAINTS

The navigation subsystem design is capable of recovering from the effects of
many transient-type errors. Accordingly, the software design shall not preclude
this capability by causing a program halt, permanent discontinuance of naviga-
tion processing, or loss of protected data as a result of program check or error
interrupts.

Check or error interrupts shall be prevented by software safeguards, or standard

fixup and error returns shall be provided which are appropriate in the naviga-
tion function as described below.

I. Floating Point Overflow. The operation in process should be terminated

and the previous stored value of the variable retained.

o Floating Point Underflow. This may be treated in the same manner as

floating point overflow, or the variable may be set to zero and processing
continued.

3. Divide b_er___qo. This should be treated in the same manner as floating
point overflow.

4. Square Root. The square root of a negative number should be treated

in the same manner as floating point overflow.

5. Arc Sine. If the argument is greater than +I, a value of _/2 should

be returned. If the argument is less than -I, a value of -_/2 should be

returned. In either case, processing shall not be terminated.

6. Arc Cosine. If the argument is greater than +I, a value of zero should

be returned. If the argument is less than -I, a value of _ should be returned.
In either case, processing shall not be terminated.

7. Arc Tangent. If both arguments are zero, a value of zero should be returned.

. Logarithm. If the argument of the logarithm function is negative or

zero, the operation in process should be terminated, and the previous value
of the result retained.

. Sine and Cosine. The returned value of sine and cosine functions should

be limited to the interval (-1,1) and the functions shall be capable of
accepting any valid floating point numbers as arguments.
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4.0 DETAILED REQUIREMENTS

The various subsections of this section specify the detailed requirements for

the Shuttle navigation system flight software package. This document contains

orbital flight test (OFT) detailed requirements for Navigation and User Parame-

ter Processing principal functions for the orbit operations computer load (on

orbit and rendezvous), Operational Sequence (OPS) 2. In addition, requirements

dealing with other navigation software functions during OPS 8 and OPS O0 are
also addressed.

When viewed in the larger context of the total Shuttle flight software, the navi-

gation software package documented herein is a modular system whose function is

to supply various parameters required by other major modular systems, such as

guidance, displays, flight control, etc. The requirements placed upon the navi-

gation system by these various users often play a large role in determining the

design structure and cyclic rate structure of the navigation system. The

required interfaces between the navigation system and the other major software

systems that use navigation system data are presented in the Level B CPDS docu-

ment that controls all the interfaces between principal functions.
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4.1 ONORBIT/RENDEZVOUSNAVIGATIONSEQUENCERPRINCIPALFUNCTION

The Onorbit/Rendezvous Navigation Sequencer princlpal function must initialize
and sequencethe Onorbit/Rendezvous navlgation principal function during OPS2
while the following major modesare active:

Major Mode201 - Onorbit coast

Major Mode202 - Maneuverexecute

The Onorbit/Rendezvous Navigation Sequencer principal function must also
initialize and sequence the Onorbit/Rendezvous Navigation principal function
OPS8 (orbital operation checkout).

The Onorbit/Rendezvous Navigation Sequencer principal function must also
interface with certain crew controls on the RELNAVand FDSDIS C/O displays
relating to selection of rendezvous navigation _REND_NAVFLAG),rendezvous fil-
ter rate (slow/fast), to selection of powered flight versus coasting flight
state propagation, and to selection of measurementprocessing in Major Mode202
when in rendezvous navigation.

Detailed requirements for Onorbit/Rendezvous Navigation processing principal
function are identified in the specific principal function description section
4.2. Cues (events) for performing the proper navigation initialization and
sequencing during OPS2 and OPS8 are defined in the Level B GN&CCPDS. The par-
ticular events and resulting navigation software actions pertaining to the
Onorbit/Rendezvous Navigation Sequencer principal function are shownin Table
4.1-I. Dynamicparameter input/output data flow between the Onorbit/Rendezvous
Navigation Sequencer principal function and other principal functions are shown
in Table 4.1-2.
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TABLE 4. I-2.- ONORBIT/RENDEZVOUS NAVIGATION SEQUENCER PRINCIPAL

FUNCTION INPUT/OUTPUT

79FMI0

!

!

! Variable

! Name
!

! ! ! !

! ! ! !

!Principal Function ! Local lPrincipal Function !
! Source !Destination! Destination !
! ! ! !

! !

]

!
Local !

Source !
!

! ! ! !

i

!ATMP ! ! !Onorbit
! !
l !
! !
!COV COR UPDATE!Ground Upl_nk
I !

!CURRORB MASS !Onorbit Guidance

! !
! !
l !
!COV PWRD FLT !
! !

!COV PWRD FLT !
! LAST !
! I

!COV ACCEL UVW !
!INIT - -!

! !

IDA THRESHOLD !
! !

! !

!DMP !
! !
! 1
! !
!DO COAS ANGLES!
! NAV LAST !
! !
!DO RR ANGLES !

!NAV LAST !
! !

!DO RRDOT NAV !
!LAST - !

! !

!DO ST ANGLES !

!NAV LAST !

! !

!E !

! !

! !
! !

lOPS 2 OR 8 [

! !Predictor, TLM
! l
! !
!COVINIT UVW!

!

!ONORBIT
!REND NAY

!SEQU-ENCER ! !

! ! !

! !REND NAV INIT!

! ! !

! !REND NAV INIT!
! ! !

! ! !

! !REND NAV INIT!

! ! !

! ! !

!
!

!

!

! ! !INITIALIZE, !
! ! !REND NAV INIT!

l ! ! !
! !OnorbitlRend Nav !REND COY INIT!

! ! l !
! ! ! !
! !OnorbitlRend Nay !REND COV INIT!

! ! ! !
! I l !
l !Onorbit/Rend Nav !REND COV INIT!

l ! l !
! ! ! !
! IOnorbitlRend Nay !REND NAV INIT!

! ! l !
! ! ! !
!
l
!
l

!INITIALIZE, !
!REND NAV INITI

l !

l l

! ! !

!OnorbitlRend Nay, !ONORBIT REND !
lOnorbit Guidance, INAV SEQUENCER!

ITLM

!
!Onorbit/Rend Nav

!
!Onorbit/Rend Nav

l
l
!OnorbitlRend Nav

l

l

!Onorbit/Rend Nav, !ONORBIT REND l
!TLM !NAV_SEQUENCER!
! ! !

!Onorbit Predictor lOPS 2 OR 8 !

!Onorbit/Rend Nav, !COVINIT UVW, !
ITLM IUA BIAS AND !
! ! COVINIT- - !

! ! !

|
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TABLE4.1-2.- Continued

79FMI0

!
!
! Variable
! Name
!

! ! !
! ! ! !
!Principal Function! Local !Principal Function!
! Source !Destination! Destination !
! ! ! !

!
!

Local !
Source !

!
!
!DOFLTRSLOW
IRATE
!
!
!DOINGFLTR !
!SLOWRATE- !
! !
!DOINGPWRDFLT!

D

! NAV !
I-- I
e

! !

! !

!DOING MEAS !

!ENABLE !

! !

!DOING REND NAV!

! !

!
[DV FILT

!

!

!DT FILT

!

!
!DV COV

!

!

!EVENT E I

!

!
!

!EVENT 60
!

!

!

!EVENT 60A

!

!

!

!

!

!REL_NAV display
!

!

!

!
!Onorbit/Rend Nav

!

!

!Onorbit/Rend Nay

!

!

!

!

! !

!ONORBIT !
!REND NAV !

!SEQU-ENCER !

! !

! !REL NAV display,
! !TLM-
! !

! !REL NAV display,

! !TLM_FCS_DIS_C/O

! !display

! !

! !

! !REL NAV display,
! !TLM-

! !

! !REL NAV display,
! !TLM

! !
!REND COV !

!INIT !

! !
!REND COV !

!INIT !

! !
! !Onorbit/Rend

! !Navigation, TLM
! !

!TLM

!

!

!

!TLM

!

!

!

!TLM

!

!

!

!

!Moding, Sequencing!ONORBIT
b

!and Control !REND NAV

! !SEQUENCER
! !

!Moding, Sequencing!ONORBIT
!and Control !REND NAV

! !SEQUENCER

! !

!Moding, Sequencing!ONORBIT
!and Control !REND NAV

! !SEQU-ENCER

! !

! !

! !

! !

! !

l !

! !

!ONORBIT REND !

!NAV SEQUENCER!

! !
!ONORBIT !

!REND NAV !

!SEQU-ENCE ,!
!OPS 2 OR 8 !

!INITIALIZE !

! !

!ONORBIT REND !

!NAYSEQUENCe!
! !

!ONORBIT REND !

!NALSEQSENCN!
! !
! !
! !
! !
! !

! !
! !
!COV LAST !
!RESET - !

! !

! !

! !

! !
! !

! !

! !
! !

! !

! !

! !

! !

! !
! !
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TABLE4. I-2.-. Continued

P

,, Var_ able

! Name

I

,,EVENT 60B
!

IEVENT 60H

!

!

'EVENT 67

I

I

'EVENT_73

!EVENT 83

,,EVENT 84

!

!EVENT_85

,,FILT UPDATE

,,GMOP

I

,,GMDP

! ,, ! !
! ,, ! !

!Principal Function.' Local .'Principal FunotionI
! Source ,,Destination! Destination ,,

!

Local !

Source !
!

!Moding, Sequencing!ONORBIT !TLM
.'and Control .'RENDNAV !

! ,,SEQUENCER I
! ,, !

!Moding, Sequencing,,ONORBIT !TLM
!and Control IREND NAV ,,

! ,,SEQU-ENCER ,,

!Moding, Sequeneing lONORBIT !TLM
!and Control .'RENDNAV ,,

! ,,SEQU-ENCER !

!Moding, Sequencing,,ONORBIT !TLM
.'and Control .'RENDNAV ,,

,, ,,SEQUENCER !

!Moding, Sequencing,,ONORBIT !TLM
.'and Control .'RENDNAV ,,

! ,,SEQUENCER !

IModing, Sequencing,,ONORBIT !TLM
.'and Control TREND NAV !
,, ,,SEQU-ENCER !

,, ! ,,

!Moding, Sequencing,,ONORBIT ,,TLM
.'and Control .'RENDNA-V ,,

!

! ,,SEQUENCER

,, !

! ,,

! !

!

! !

!

!

! !

!

! !
! !
! !
! !
! !
! !
! !

! !

! !

! !

! !
! l

! !

! !

!. !
.' !
l !

! !

.' !

.' !

,, !
! !

!Onorbit/Rendezvous,,SHUTTLE RESET!

!User Parameter ! !

!Processing ! I
! ! !

!Onorbit Predictor lOPS 2 OR 8 !

,, !INITIALIZE, !
,, !REND NAV INIT!

! ,, !

!Onorb_t Predictor !OPS 2 OR 8 !

,, 'INITIALIZE, !

! .'RENDNAV INIT!

! ! !

! ! !
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TABLE4.1-2.- -Continued
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!
!
I Variable
I Name
!
I
!G TV LAST
!
II CYCLE
I
I
!MASSINIT
!
!
!
!MEASENABLE
!
!
IN REJECT
!. -

I

IN ACCEPT
D

!

!

IN CYCLE
I

I

!NOISY NAV MEAS!
I

lOPS 2 OR 8

INITIALIZE
COMPLETE

PRED ORB AREA

PRED ORB CD

!PRED ORB MASS

!

!

!PWRD FLT NAV
!

!

!

I

! I ! !
! ! I !

IPrincipal Function! Local !Principal Function!
Source IDestination! Destination !

! ! !

!
!

Local !

Source !
!

I

I

I

I

I

I

Onorbit/Rend Nav. !ONORBIT

Seq. IREND NAT
ISEQU-ENCER

!

I
!

I

I
I

I

I

I

I

I
I

I

I

I

I

I
I

I

!

I

I

I

I

I

I
I

I

IREL NAV display, IONORBIT
!FCSDIS C/O dis- !REND
Iplay - ISEQU-ENCER

I I

I I

! ! !

IOnorbit/Rend Nav !REND COV INIT!

! ! !

lOnorbit/Rend !REND COV INIT!

!Nav, TLM ! !
I ! !

IOnorbit/Rend Nay !ONORBIT REND I

ISeq INAV_SEQUENCER!
I ! !

I I !

!Onorblt/Rend Nay [ONORBIT REND !
! INAV SEQUENCER!

I ! !

!Onorbit/Rend Nav, !DISPLAY COUNT!
D

ITLM ! INIT !

I ! I

IOnorbit/Rend Nay, IDISPLAY COUNTI
ITLM I INIT !

I I I

IOnorbit/Rend Nay, IONORBIT REND I
I !NAV SEQUENCER!

I I !

IOnorbit/Rend Nay !REND NAV INIT!
I ! I

IOnorbit/Rend User lOPS 2 OR 8 !

IParameter Proces- !INITIALIZE !

!s_ng Seq, MSC ! !
I ! !

!Onorbit Predictor,lOPS 2 OR 8 I
ITLM IINITIALIZE !

I I I

lOnorbit Predictor,lOPS 2 OR 8 !
ITLM !INITIALIZE

I I I

!Onorbit Predictor,lOPS 2 OR 8 !
ITLM IINITIALIZE I

I I !

ITLM, Onorbit/ IONORBIT REND I
IRend Nay INAV SEQUEN- -I

I !CER, OPS_2_OR!
! ! 8 INITIALIZE!
I I I

4-14



TABLE4.1-2._ Continued
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!
!
! Variable
! Name
!
!

! ! ! !
! ! ! !
!Principal Function! Local !Principal Function!
! Source !Destination! Destination !
! ! ! !
! l ! !

Local

Source

i

!PRED STEP
!

!

!

!R FILT

!

!

!

!

!

!R LAST

!

!
!R FILT INIT

!
I

!

!

!R PRED INIT
!

!

!

!R

!

!
!

!

!R TV LAST

!
!

! ! !Onorbit lOPS 2 OR 8 !

! ! !Predictor, TLM !INITIALIZE, !
! I ! !REND NAV INIT!

! l ! ! !
!Onorbit/Rend Nav !ONORBIT !OnorbitlRend Nay lOPS 2 OR 8 !

! _END NAV ! !INITIALIZE !

! !SEQUENCER, ! ! !
! !REND COV ! ! !

! !INIT ! ! !

! ! ! ! !

! ! !Onorbit/Rend Nav !COV LAST !

! ! ! !RESET !

l ! l l l
!ASC NAV SEQ., DIL lOPS 2 OR 8 !D/L Nav Seq, !ONORBIT REND l
INAV SEQ., !INITIALIZE !OnorbitlRend Nav INAV_SEQUENCER!

!OnorbitlRend Nav ! ISeq l !
lSeq ! ! l l
l ! ! ! !
! ! !Onorbit Predictor,lOPS 2 OR 8 !
! ! ITLM IINITIALIZE, !
! ! l IREND NAV INIT!

! ! l ! !

!R TV

l

lR RESET

!

l

l

!

l

!

!

PRED FINAL !Onorbit Predictor lOPS 2 OR 8 !TLM

! !INITIALIZE,I
! !REND NAV l
! !INIT- - !

! l !

! ! !Onorbit/Rend

l ! !Nav
! ! l
!Onorbit/Rend !REND NAV lOnorbit/Rend

P

lNav !INIT !Nay, TLM

! ! !
! ! lOnorbit/Rend

! ! !User Parameter

! ! !Processing, TLM

I ! l
l ! l

! ! !

l ! !

! ! l

! !
l !
l !
! l
l l
!COV LAST !
!RESET - i

! !

!REND NAV INIT!

! !

! !

!SHUTTLE RESET!

! !

i !

! !
i !

! !

! !
! i
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!
!
! Variable
! Name

!

! ! ! !

! ! ! !

!Principal Function! Local IPrincipal Function!
! Source !Destination! Destination !
! ! ! !

!
!

Local !
Source !

!

I ! I

IR TV RESET I I
! ! !

! I I

I ! !

!SEQ ACCEPT ! I
! ! !

! ! !

!SEQ REJECT ! !
! I I

! ! I

!SQR_EMU ! I
I ! I

! ! !

!SIG UPDATE !Ground Uplink
! I

ITAU UNMOD ACC !
!COY I

I I

IT IMUS GA !IMU INT PROC
I !

! I

IT CURRENT FILTlOnorblt/Rend
! !Nav

! !

I [

[TFILT_INIT IDeorblt/Landing

I !Nav Seq, Ascent

! !Nav Seq,
I !Onorbit/Rend Nav

I ISeg
I

IT COY LAST

I

I

ITOT ACC LAST
m

!

IT PRED INIT

I

!

I

I

I I I

IOnorbltlRend !TARGET RESET !

!User Parameter I I

IProcessing, TLM I I
I I !

lOnorbit/Rend IDISPLAY COUNTI

INav, TLM I_INIT I
I I !
!OnorbitlRend !DISPLAY COUNTI

D

!Nay, TLM I_INIT !
I I !

!OnorbitlRend Nav, IOPS 2 OR 8 !

lOnorbit Predictor IINITIALIZE !
! I !

!COVINIT UVW! I I

I I I I

I lOnorbitlRend Nav IREND NAV INITI

I ! ! I

I ! ! I

IIMU DATA I ! !

ISNAP I I I

I I I !

IREND COV ITLM IOPS 2 OR 8 I

IINIT_ COV I IINITIALIZE I
ILAST RESET I I I

D

I I I I

lOPS 2 OR 8 IDIL Nav Seq, IONORBIT REND I
!INITIALIZE lOnorbit/Rend Nay INAV SEQUENCERI

I ISeq I !
I I ! I

I I I I

I I I I

I IOnorbitlRend Nav ICOV LAST I
! I !RESET - !

I I I I

I IOnorbit/Rend Nay IREND COY INIT!

I I I I

I lOnorbJt lOPS 2 OR 8 I

I IPredlctor, TLM IINITIALIZE, !
I I IREND NAV INITI

I I I I

I I I I
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!
!
! Variable
! Name
!

! ! ! !
I ! ! !
!Principal Function[ Local [Principal Function!
! Source !Destination! Destination !
! ! ! !

!
!

Local !
Source !

!
!
IT PREDFINAL
!
[
!
!T RESET
!
l
!
!V IMU RESET
!
[
!
IT TV

m

!

]

!T LAST FILT
D

!

!

! !
! [

! !

!UNMOD ACC BIAS !

! !

! I

! !
! !

! !

!USE IMU DATA [

! !

! !

! !

! !

]VAR UNMOD ACC !
! !

IV PRED INIT !

! !

! !
! !

! !

[ !
I !

! ! !

! I !Onorbit

! ! !Predictor, TLM
! ! !

! ! !

! ! !Onorbit/Rend

! ! !User Parameter

! ! !Processing, TLM
! ! !

! ! !OnorbitlRend

! ! !User Parameter

! ! !Processing, TLM
! I !

!Onorbit/Rend Nay !REND NAV !TLM

! !INZf - !
! ! !

!Onorblt/Rend Nay !REND NAV !Onorbit/Rend Nay

! !INIT_ - !
! !ONORBIT !

!REND NAV !
!SEQU-ENCER !

! !

! !Onorbit/Rend

! !Nav,TLM
! !

! !

! !

! !

! !OnorbitlRend Nay, !ONORBIT REND !
! !OnorbitlRend UPP, !NAV SEQUEN- -

! !TLM !CER, OPS 2 OR!
! ! ! 8 INITIALIZE!

m

! ! ! !

! !Onorbit/Rend Nav !REND NAV INIT!

! ! ! !
! !Onorbit lOPS 2 OR 8 !
! !Predictor, TLM !INITIALIZE, !
I l !REND NAV INIT!

! l ! !
! ! ! !
! ! ! !
! ! ! !

! !
lOPS 2 OR 8 !
!INITIALIZE, !
!REND NAV INIT!

! !

!SHUTTLE RESET!

l !

! !
l !

!SHUTTLE RESET!

! !
! !

! !

!REND NAV INIT!
m

! !

! !

lOPS 2 OR 8 !

!INITIALIZE !
! !

! !

l !

! !

!REND NAV !
!EXIT-; 2 !
!OR 8 INITIAL-!

!IZE, U A BIAS!
! AND COV INIT!

! !
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!
!
I Variable
! Name
!

! I ! !
! ! ! !
!Principal Functionl Local IPrincipal Functionl
! Source IDestinationl Destination !
! I I I

!
!

Local !
Source !

!
I
!V FILT INIT
!
!
!
!
IV TV
!
I
IV FILT
!
!
I
!
I
!IGD
I
!
IIGO
I
!
IIDRAG
!
I
!IVENT
I
I

I
!Asc. Nay Seq,
!D/L Nay Seq,
!OnorbitlRend Nay
!Sequencer
I
!Onorbit/Rend Nay
!
!
IOnorblt/Rend Nay

OnorbitlRend Nay

lOnorbit/Rend Nay
I
I
lOnorbitlRend Nay
I
!
!OnorbitlRend Nay
I
!

IV
I
I
IVMP
I

I

I

IV CURRENT

!FILT

I

!V PRED
!FINAL

I

I

I

IMU CURRENTIIMU RM

IOnorbit

!Predictor

I

I

!

I I I !

IOPS 2 OR 8 ID/L Nay Seq, !ONORBIT REND I
IINITIALIZE IOnorbit/Rend Nav INAV_SEQUENCERI

I ISequencer I !
I I ! I

! I I !

IREND_NAV_ ITLM, OnorbitlRend IREND_NAV_INIT!
IINIT INav
I !

!REND COV IOnorbit/Rend Nay

IINIT, !
!ONORBIT !
IR D NA-V I
ISEQUENCER !

I I

!REND COV I

IINIT I

I I

IREND COY !

IINIT !

I !

!REND COV !

IINIT I
I I

IREND COV I

IINIT !
I !

IIMU DATA I

!SNAP !
I I

I

I I

I I

I I

I ITLM

I I

I I

IREND NAV ITLM

,INIT70_ I
12 OR 8 I

IINITIALIZE !
I I

I

I

lOPS 2 OR 8

!INITIALIZE

I

I

!
I

I

I

I

I

I

I

I

I
I

I

I
I

I

I
I

IOnorbit Predictor IOPS 2 OR 8

IINITIALIZE,
IREND NAV INIT

I

IOPS 2 OR 8
IINITIALIZE

I

IOPS 2 OR 8

IINITIALIZE,
IREND NAV INITI

I !
I
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!
!
! Variable
! Name
!

! ! ! !
! ! ! !
!Principal Function! Local !Principal Function!
! Source !Destination! Destination !
! ! ! !

!

Local !

Source !
!

! ! !

IV LAST FILT ! !
! ! !

! ! !

IV TV LAST ! !

! ! !

! ! !

!V LAST ! !
! ! i

! ! !

IV TV RESET ! !

! ! !

! ! !

! ! !

!V RESET ! !

! ! !

! ! !

! ! !

!RENDNAVFLAG !RELNAV display; !ONORBIT
! !Moding,Sequencing, !REND NAV
!

!

!WT DISP

!and Control !SEQU-ENCER

! !

!Deorbit maneuver !ONORBIT

!dip; Ascent man- TREND NAV

!euver dip !SEQU-_CER

! !
! !

! !

! !

! !

! !

! !
! !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! ! !

!Onorbit/Rend Nav !OPS 2 OR 8 !

! !INITIALIZE !

! ! !

!Onorbit/Rend Nav !COV LAST !
! !RESET - !

! ! !

!Onorbit/Rend Nav !COV LAST !
! !RESET !

!Onorbit/Rend !TARGET RESET !
!User Parameter ! !

!Processing, TLM ! !

!Onorbit/Rend !SHUTTLE RESET !

!User Parameter ! !

!Processing, TLM ! !
! ! !

!TLM ! !

! ! !

! ! !

! ! !

! ! !
! ! !

! ! !

! ! !
! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
! ! !
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4.1.1 Sequencing Operations and Major Mode Transitions (ONORBIT_REND_NAV_

SEQUENCER)

The Onorbit/Rendezvous Navigation Sequencer principal function performs spe-

cific actions which control the execution of the Onorbit/Rendezvous Navigation

principal function based on navigation phase and major mode transitions. These

tasks are performed by the Sequencing Operations and Major Mode Transitions

subfunction and include the following:

- response to crew entries from the REL_NAV and FCS_DIS_C/O displays

regarding onorbit and rendezvous navigation, rendezvous navigation

rates, and powered flight navigation selection

response to crew or Moding, Sequencing, and Control (MSC) entries

regarding major mode transitions within OPS 2, rendezvous navigation se-

lection, and OPS 2 and OPS 8 terminations

A. Detailed Requirements. For OFT orbital operations (OPS 2 and OPS 8), naviga-

tion requirements have been divided into four navigation phases: onorbit

coast, onorbit powered flight, rendezvous coast, and rendezvous powered

flight.

Part I. OPS 2 Requirements:

I • Onorbit coast navigation phases. These phases must use the Onorbit/

Rendezvous Navigation principal function and must be active during those

portions of Major Mode 201 in which the crew (or MSC) has deactivated

(not enabled) the rendezvous navigation phase (i.e., REND_ NAVFLAG =

OFF) via the REL_NAV display, and has not activated the powered flight

integrator (i.e., PWRDFLT_NAV = OFF) via the REL_NAV display. Onorbit

coast navigation phases must also be active during those portions of OPS

8 in which the crew has not activated the powered flight integrator

(i.e., PWRD FLT NAV = OFF) via the FCS DIS C/O display. Onorbit coast

navigation phases shall begin in one of the following ways:

- Entry into OPS 2 (Major Mode 201) from OPS 3 or OPS 8 (Events El or

60A, respectively)•

- Entry into OPS 2 (Major Mode 201) from OPS I (Event 60) or via OPS 00

(Event 84).

Entry into onorbit coast phase (OPS 2) from onorbit powered flight

phase (OPS 2) (crew control on REL_NAV or Event 73).

- Entry into onorbit coast phase (OPS 2) from rendezvous coast phase

(0PS 2) (crew control on REL_NAV).

- Entry into OPS 8 from OPS 2 (Event 60B); OPS 8 transition require-

ments discussed in Part II of item A of section 4•1.1.
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Entry into onorbit coast phas@(OPS8) from onorbit powered flight
phase (OPS8); OPS8 transition requirements discussed in Part II of
item A of section 4.1.1.

The detailed requirements for the OPS2 onorbit coast navigation phase
are described as follows:

al If an onorbit coast navigation phase is begun by entry into Major

Mode 201 from OPS I, OPS 3, OPS 8 or OPS O0 (EVENTS El, 60, 60A, or

84), the Onorbit/Rendezvous Navigation Sequencer principal function

shall provide the capability to initialize the Orbiter state vector,

mass, and other required navigation parameters on the basis of

prestored computer locations unaffected by the computer program mem-

ory load reconfiguration. The following sequence should be
followed:

(I) Compute the value for Orbiter mass as follows:

If OPS 2 is to be entered from OPS I or OPS 3 the Orbiter mass
shall be calculated as

CURR ORB MASS = WT DISP/G 2 FPS2

otherwise, Orbiter mass shall be reset to a saved value:

CURR ORB MASS : MASS INIT

(2) Execute the OPS 2 SETUP code to initialize several flags for

the Onorbit/Rendezvous Navigation principal function and the

REL_NAV display:

- Initialize the sensed acceleration threshold to the OPS 2

value:

DA THRESHOLD = DA THRESHOLD OPS 2

- Set several display feedback flags for the REL_NAV display:

DOING FLTR SLOW RATE = ON

DOING REND NAV : OFF

DOING MEAS ENABLE : OFF

- Initialize display controlled flags to OPS 2 enter values

(required for onorbit navigation)

REND NAV FLAG = OFF

DO FLTR SLOW RATE = ON

MEAS ENABLE = OFF
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- Set two internal flags to enable future changes to be

determined:

REND NAV FLAG LAST = REND NAV FLAG

DO FLTR SLOW RATE LAST : ON

(3) An initialization operation shall now be performed to obtain

current IMU data, predict the last saved OPS sequence Orbiter

position and velocity vectors to current time, reset parameters

for user parameter state propagation, and initialize flags to

OPS 2 or OPS 8 initial values (refer to item A of section

4.1.2 for detailed requirements):

CALL: OPS 2 OR 8 INITIALIZE

(4) After completion of initialization, the capability shall be pro-

vided for sequencing the Onorbit/Rendezvous Navigation princi-

pal function at the designated repetition rate (DTONORBITNAV)

for coasting flight.

If an onorbit coast navigation phase is begun by entry from an on-

orbit powered flight phase (OPS 2) via crew control on the REL_NAV

display, or by a Major Mode 202 to Major Mode 201 transition when

the onorbit navigation phase is active (EVENT 73 and REND_NAV_FLAG

= OFF), then the Onorbit/Rendezvous Navigation Sequencer principal

function shall provide the capability to accommodate this transition

through the following actions:

(I) Initialization shall be performed as follows (NOTE: a change

in crew control is detected by testing if PWRDFLTNAV = OFF

and PWRD FLT NAV LAST = ON) through execution of the ONORBIT_

PWRD FLT-TO ONORBIT COAST CODE:

- First, operation of the Onorbit/Rendezvous Navigation princi-

pal function shall be cancelled:

CANCEL: NAV ONORBIT RENDEZVOUS

Set positive feedback flags indicating to the REL_NAV dis-

play that powered flight navigation is not active and that

the MM 202 measurement processing flag has been reset to the

coast flight value:

DOING PWRD FLT NAV : OFF

DOING MEAS ENABLE : OFF

Set flags to indicate the non-use of IMU data for navigation

and user parameter state propagation, the use of the

coasting flight navigated state propagation algorithm, and
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reset the MM 202 measurement processing flag to the coast

flight value:

USE IMU DATA : OFF

PWRD FLT NAV : OFF

MEAS ENABLE : OFF

- Finally set a "last" flag to enable the detection of a

change in the powered flight nay flag setting:

PWRD FLT NAV LAST : PWRD FLT NAV

(2) After completion of this initialization, the capability shall

be provided for sequencing the Onorbit/Rendezvous Navigation

principal function at the designated repetition rate (DT

ONORBIT_NAV) for coasting flight.

If an onorbit coast navigation phase is begun by entry from a

rendezvous coast phase (via crew control on the REL NAV display),

the Onorbit/Rendezvous Navigation Sequencer principal function

shall provide the capability to control operation of Onorbit/

Rendezvous Navigation principal function as described in the

RENDEZVOUS COAST TO ONORBIT COAST CODE.

A flag, RENDNAV_FLAG, will have been set to OFF by REL_NAV. A

change in the crew control (above) is detected by testing if REND
NAV FLAG _ REND NAV FLAG LAST and PWRD FLT NAV = OFF.

(i) The RENDEZVOUS COAST TO ONORBIT COAST CODE shall be executed as

follows:

- First, operation of the Onorbit/Rendezvous Navigation prin-

cipal function shall be cancelled.

CANCEL: NAV ONORBIT RENDEZVOUS

The operations described in section 4.1.1.1 (RENDNAVEXIT)

shall then be performed to terminate the rendezvous coast

navigation phase:

CALL: REND NAV EXIT

Set a positive feedback flag for the REL_NAV display to indi-

cate that rendezvous navigation is no longer active:

DOING REND NAV : OFF

- Set a "last" flag to indicate that rendezvous navigation is

no longer active:
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REND NAV FLAG LAST : REND NAV FLAG

(2) After completion of this initialization, the capability shall

be provided for sequencing the Onorbit/Rendezvous Navigation

principal function at the designated repetition rate (DT_

ONORBIT_NAV) for coasting flight.

Rendezvous coast navigation phase. This phase shall use the Onorbit/

Rendezvous Navigation principal function and shall be active during

those portions of Major Mode 201 in which the crew (or MSC) has

activated the rendezvous navigation phase in the Onorbit/Rendezvous Nav-

igation principal function, REND NAV FLAG = ON, via the REL NAV display,
and has also not activated the po-were-d flight integrator, PWRD_FLT_NAV

= OFF, via the REL_NAV display. Rendezvous coast navigation phases

shall begin in one of the following ways:

- Entry into rendezvous coast phase from rendezvous powered flight

phase due to crew control on REL_NAV display, or Event 73.

- Entry into rendezvous coast phase from onorbit coast navigation

phase (i.e., via crew control on REL_NAV display during Major Mode
201 ).

a. If a rendezvous coast navigation phase is begun by entry from a

rendezvous powered flight navigation phase, such as the following:

Crew control on REL NAV display in which the PWRD_FLT_NAV flag is

changed from ON to OFF during Major Mode 201

- Transition from Major Mode 202 to Major Mode 201

(all the above during which time the REND_NAV_FLAG is set to the

ON state either by crew via the REL_NAV display or by MSC), then

the Onorbit/Rendezvous Navigation Sequencer principal function

shall perform the operations described below:

(i) Perform the following initialization sequence as described

in the RENDEZVOUS PWRD FLT TO RENDEZVOUS COAST CODE:

- First, cancel operation of the Onorbit/Rendezvous Naviga-

tion principal function.

CANCEL: NAV ONORBIT RENDEZVOUS

Set positive feedback flags for the REL_NAV display to in-

dicate that powered flight navigation is no longer active

and that the MEAS_ENABLE flag is no longer in effect:

DOING_PWRDFLTNAV = OFF

DOING MEAS ENABLE : OFF
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- Next, reset flags used by the Onorbit/Rendezvous Naviga-

tion principal function to coasting flight values:

PWRD FLT NAV : OFF

USE IMU DATA : OFF
m

MEAS ENABLE : OFF

Set a "last" powered flight navigation flag to enable a

change in the powered flight navigation flag to be

detected by the sequencing operations and major mode tran-
sitions subfunction:

PWRD FLT NAV LAST : PWRD FLT NAV

(2) Set the covariance matrix propagation cycle counter for

coasting flight:

N CYCLE = N CYCLE COAST

After completion of this initialization, the capability

shall be provided for sequencing the Onorbit/Rendezvous Nav-

igation principal function at the selected repetition rate

for the rendezvous coast navigation phase as follows:

If the DO FLTR SLOW_RATE flag is ON, then the Onorbit/

Rendezvous Navigation principal function shall then be

scheduled for execution at the designated "slow" rate (DT_

REND_NAV_SLOW).

If the DO FLTR SLOW RATE flag is OFF, then the Onorbit/

Rendezvous Navigation principal function shall then be

scheduled for execution at the designated "fast" rate (DT_

REND_NAV_FAST).

If a rendezvous coast navigation phase is begun by entry from an on-

orbit coast navigation phase, REND NAV FLAG = ON and REND NAV FLAG

LAST : OFF (if the crew has enabled the rendezvous navigaTion-phase-

in the Onorbit/Rendezvous Navigation principal function via the REL

NAV display) and PWRD FLT NAV = OFF, then the Onorbit/Rendezvous

Sequencer principal function shall provide the capability to

initialize target vehicle state vector from one of the following

options:

- Based on premission values (a reasonable target state vector

shall be premission loaded, via I-LOAD, or uplinked; see sections

4.7 and 4.9)

- Based on ground uplink data
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Based on last value in previous rendezvous navigation phase
(predicted to current time)

(I) The operations described in the ONORBITCOASTTORENDEZVOUS_
COASTCODEshall now be performed as follows:

- The operation of the Onorbit/Rendezvous Navigation prin-
cipal function shall first be cancelled:

CANCEL:NAVONORBITRENDEZVOUS

Next, the initialization sequence described in the
rendezvous navigation initialization sequence shall now
be performed. For detailed requirements see item A of
section 4.1.2.2:

CALL: RENDNAVINIT

Set a positive feedback flag for the RELNAVdisplay to
indicate an active rendezvous navigation phase:

DOINGRENDNAV: ON

Set a "last" rendezvous navigation flag to enable a
change in the rendezvous navigation flag to be detected
by the sequencing operations and major modetransitions
subfunction:

RENDNAVFLAGLAST= RENDNAVFLAG

(2) Set the covariance matrix propagation cycle counter for
coasting flight:

N CYCLE: N CYCLECOAST

(3) After completion of this initialization, the capability

shall be provided for sequencing the Onorbit/Rendezvous

Navigation principal function at the selected repetition

rate for the rendezvous coast navigation phase as follows:

- If the DO FLTR SLOW RATE flag is ON, then the Onorbit/

Rendezvous Navigation principal function shall then be

scheduled for execution at the designated "slow" rate (DT_

REND_NAV_SLOW).

- If the DO FLTRSLOWRATE flag is OFF, then the Onorbit/

Rendezvous Navigation principal function shall then be

scheduled for execution at the designated "fast" rate (DT_

REND NAV FAST).
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Rendezvous powered flight navigation phases. These phases shall use the

rendezvous navigation phase of the Onorbit/Rendezvous Navigation princi-

pal function and shall be active during Major Mode 202 when the REND NAV

FLAG is set to the ON state (by MSC), and in those portions of Major

Mode 201 during which the crew has activated the powered flight

propagator (PWRDFLT_NAV = ON) while the REND NAVFLAG is enabled (set

to ON vias MSC or the crew through a control item on the REL_NAV

display). The rendezvous powered flight navigation phases can begin in

one of the following ways:

Entry into Major Mode 202 from Major Mode 201 (Event 67) while the

REND NAV FLAG is set to ON

- Entry via crew changing the PWRDFLTNAV flag from OFF to ON on the

REL NAV display. This situation is detectable by testing if PWRD FLT
NAV = ON and PWRD FLT NAV LAST = OFF and REND NAV FLAG = ON.

Entry via crew changing the REND NAV FLAG from OFF to ON on the REL

NAV display while in Major Mode 202 (--orPWRD FLT NAV = ON).

a . If the rendezvous powered flight navigation phase is entered via

the crew changing the REND_NAV_FLAG from OFF to ON on the REL_NAV

display while in Major Mode 202 or while the powered flight nay

flag is set to ON as in condition (c), above, (i.e., REND NAV

FLAG _ REND NAV_FLAG_LAST while in the onorbit powered fl_ght

navigation phase) the following operations shall be executed:

(I) Execute the ONORBIT PWRD FLT TO RENDEZVOUS PWRD FLT CODE as

follows:

- The operation of the Onorbit/Rendezvous Navigation prin-

cipal function shall first be cancelled:

CANCEL: NAV ONORBIT RENDEZVOUS

Next, the initialization sequence described in the

rendezvous navigation initialization sequence shall now

be performed. For detailed requirements see item A of

section 4.1.2.2:

CALL: REND NAV INIT

Set a positive feedback flag for the REL_NAV display to

indicate an active rendezvous navigation phase:

DOING REND NAV = ON

Set a "last" rendezvous navigation phase flag to enable

a change in the rendezvous navigation phase flag to be

detected by the sequencing operations and major mode
transitions subfunction:
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REND NAV'FLAG LAST : REND NAV FLAG

(2) Set the covariance matrix propagation cycle counter for

powered flight:

N CYCLE : N CYCLE PWRD FLT

(3) After completion of this initialization, the capability must

be provided for sequencing the Onorbit/Rendezvous Navigation

principal function at the designated repetition rate (DTNAV_

PWRD FLT) for the rendezvous powered flight navigation phase.

When a rendezvous powered flight navigation phase is begun by

either (a) entry into Major Mode 202 from Major Mode 201 (Event

67) while the REND NAV FLAG is set to ON, or (b), entry via the

crew changing the PWRD FLT NAV flag from OFF to ON on the REL NAV

display while in the re--ndezvous coast navigation phase (this Yat-

ter situation is detectable by testing the PWRDFLTNAV flag (=

ON) and the PWRD FLT NAV LAST flag (= OFF) while the REND_NAV_

FLAG is set to ON) th-e f_llowing sequence shall be followed:

(I) Set: PWRD FLT NAV = ON; then, execute the RENDEZVOUS_

COAST TO RENDEZVOUS PWRD FLT CODE as follows:

- Cancel operation of the Onorbit/Rendezvous Navigation

principal function:

CANCEL: NAV ONORBIT RENDEZVOUS

- Set a positive feedback flag for the RELNAV display

to indicate powered flight navigation:

DOING PWRD FLT NAV : ON

Set a "last" powered flight navigation flag to enable

future changes in the powered flight navigation flag

(PWRD_FLT_NAV) to be detected:

PWRD FLT NAV LAST : PWRD FLT NAV

(2) Additionally, set the covariance propagation cycle counter:

N CYCLE : N CYCLEPWRDFLT

(3) After completion of this initialization, the capability must

be provided for sequencing the Onorbit/Rendezvous Naviga-

tion principal function at the designated repetition rate

(DTNAVPWRDFLT) for the rendezvous powered flight naviga-

tion phase.
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Onorbit powered flight navigation phases. These phases shall use the

Onorbit/Rendezvous Navigation principal function and shall be active

during Major Mode 202, and in those portions of Major Mode 201 and OPS

8 in which the crew has activated the REL NAV or FCS DIS C/O display con-

trois to use the powered flight integrator. A flag,-REND_NAV FLAG, will

have been set to OFF prior to entry into any onorbit powered flight nav-

igation phase. These phases can begin in one of the following ways:

- Entry into Major Mode 202 from Major Mode 201 (Event 67).

Entry into an OPS 2 onorbit powered flight phase from an OPS 2

coasting flight phase (during Major Mode 201) via RELNAV display
crew control.

Entry into an OPS 8 onorbit powered flight phase from an OPS 8

coasting flight phase via the FCSDIS C/O display crew control. (OPS

8 requirements are discussed in part II of item A of section 4.1.1.)

Entry into an OPS 2 onorbit powered flight phase from an OPS 2

rendezvous powered flight phase via the REL_NAV display crew control
(RNDZ NAV ENA).

a. If an onorbit powered flight navigation phase is entered from

the rendezvous powered flight navigation phase via the REL NAV

display crew control RNDZ NAV ENA (i.e., change in the REND NAV

FLAG from ON to OFF) when-PWRDFLT NAV = ON, as detected by--the-

following test

REND NAV FLAG
m

REND NAV FLAG LAST

AND

PWRD FLT NAV : ON

the Onorbit/Rendezvous Navigation Sequencer principal function

shall perform the following sequence:

(I) Execute the RENDEZVOUS PWRD FLT TO ONORBIT PWRD FLT CODE as

follows:

- Cancel operation of the Onorbit/Rendezvous Navigation

principal function:

CANCEL: NAV ONORBIT RENDEZVOUS

The operations described in section 4.1.1.1 (RENDNAV_

EXIT) shall then be performed to terminate the rendezvous

powered flight coast navigation phase:

CALL: REND NAV EXIT
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Set a positive feedback flag for the REL_NAV display to

indicate that rendezvous navigation is no longer active:

DOING REND NAV = OFF

- Set a "last" flag to indicate that rendezvous navigation

is no longer active:

REND NAV FLAG LAST : REND NAV FLAG

(2) After completion of this initialization, the capability

shall be provided for sequencing the Onorbit/Rendezvous Nav-

igation principal function at the designated repetition rate

(DTNAVPWRDFLT) for powered flight.

If an onorbit powered flight phase is begun from an onorbit

coast navigation phase via Event 67 (Major Mode 202 from Major

Mode 201) while the REND NAV FLAG = OFF, or via crew control on

the REL NAV display (duri-ng Major Mode 201, REND NAV FLAG = OFF;

in this latter case, the PWRD FLT NAV will have been set to ON

via the display and detected by the test: PWRD FLT NAV = ON and

PWRD_FLT NAV LAST = OFF), then the Onorbit/Rendezvous Navigation

Sequence_ principal function shall first set the powered flight

navigation phase flag to use the powered flight integrator:

PWRD FLT NAV : ON

The following sequence shall then be performed:

(I) Execute the ONORBIT COAST TO ONORBIT PWRD FLT CODE:

- Cancel operation of the Onorbit/Rendezvous Navigation princi-

pal function:

CANCEL: NAV ONORBIT RENDEZVOUS

Set a positive feedback flag for the REL_NAV display to

indicate powered flight navigation:

DOING PWRD FLT NAV : ON

Set a "last" powered flight navigation flag to enable fu-

ture changes in the powered flight navigation flag (PWRD_

FLT_NAV) to be detected:

PWRD FLT NAV LAST = PWRD FLT NAV

(2) After completion of this initialization, the capability must

be provided for sequencing the Onorbit/Rendezvous Naviga-

tion principal function at the designated repetition rate

(DT NAV PWRD FLT) for the onorbit powered flight navigation

phase. - -
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Rendezvous navigation filter rate change. The Onorbit/Rendezvous

Navigation Sequencer principal function shall be capable of responding

to crew requests for selection of a slow or fast rate for the execution

of the Onorbit/Rendezvous Navigation principal function during Major

Mode 201 rendezvous coast phases. This situation is detectable by

the following test:

! REND NAV FLAG = ON _ check for filter

! and DOINGPWRDFLT_NAV = OFF _ --- rate change!

This crew request is via a control on the REL_NAV display

FILTER SLOW RATE

Execution of this item shall cause a flag to be set

DO FLTR SLOW RATE = ON

Otherwise, the flag shall be maintained in the OFF state:

RATE = OFF.

DO FLTR SLOW

a, The Onorbit/Rendezvous Navigation Sequencer principal function shall

be capable of detecting changes in this flag setting in order to con-

trol execution rate of the Onorbit/Rendezvous Navigation principal

function. Such a change can be detected as follows:

I DO_FLTRSLOW RATE g

I DO_FLTR_SLOW_RATE_LAST 2!

--- RATE CHANGE DESIRED

If true (i.e., DO FLTR SLOW RATE _ DO FLTR SLOW RATE_LAST), then a

rate change has been re-quest-ed (note that t-he "ZLAST" flag is an in-

ternal sequencer value of the previous setting of the primary flag).

Whenever a rate change has been requested, the Onorbit/Rendezvous

Navigation Sequencer principal function shall first cancel execution

of the Onorbit/Rendezvous Navigation principal function.

(I) If the DO FLTR SLOW RATE flag is ON, then a positive feedback

flag, shaTl be-set _for the REL NAV display), DOINGFLTRSLOW_

RATE = ON, and a "last" value f_ag set

DO FLTR SLOW RATE LAST : DO FLTR SLOW RATE

The Onorbit/Rendezvous Navigation principal function shall then

be rescheduled for execution at the designated "slow" rate (DT_

RENDNAV_SLOW).
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(2) If the DO FLTR SLOW RATE flag is OFF, then a positive feedback

flag shal_ be s-et (for the REL_NAV display), DOINGFLTRSLOW_
RATE = OFF

and a "last" value flag set

DO FLTR SLOW RATE LAST : DO FLTR SLOW RATE

The Onorbit/Rendezvous Navigation principal function shall

then be rescheduled for execution at the designated "fast" rate

(DT_ RENDNAV_FAST).

Memory transition data save. The Onorbit/Rendezvous Navigation

Sequencer principal function shall provide the capability to save (in

protected memory locations) certain data sets for transmission across a

memory transition from one operational sequence to another. The follow-

ing three cases require such storage:

- Transition from Major Mode 201 (OPS 2) to GN&C OPS 8 (Event 60B)

- Transition from Major Mode 201 (OPS 2) to OPS 3 (Event 85)

- Transition from GN&C OPS 2 to OPS 00 (Event 83)

a. Prior to termination of OPS 2 for the above cases the following

variables shall be saved:

R FILT INIT : R FILT

V FILT INIT : V FILT

T FILT INIT : T LAST FILT

Additionally, for the first and third cases above, the current

Orbiter mass must be saved:

MASS INIT : CURR ORB MASS

Do In all cases where OPS 2 is terminated, the appropriate landing

and Tacan site tables must be saved (see that part of section 4.7

dealing with OPS Transition Initialization Parameters).

Note:

Although the variable names with the INIT have been designated

as unique variables, this may not be required if the same physi-

cal core location can be used for R FILT (for example) in each

memory load. The INIT notation has been used for visibility

purposes only.
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During OPS 2, once the above data have been stored, execution of

the Onorbit/Rendezvous Navigation principal function shall be
cancelled:

CANCEL: NAV ONORBIT RENDEZVOUS
D

Part II.OPS 8 Requirements:

D

P

The detailed sequencing and major mode transition requirements for the OPS

8 portion of the Onorbit/Rendezvous Navigation Sequencer principal function
are described as follows:

I , If the onorbit coast navigation phase is begun by entry into GN&C OPS

8 from OPS 2 (Event 60B), the Onorbit/Rendezvous Navigation Sequencer

principal function shall provide the capability to initialize the

Orbiter state vector, and other required navigation parameters on the

basis of prestored data and OPS 2 data obtained from protected computer

locations unaffected by the computer program memory load reconfigura-

tion. A flag, REND NAV FLAG, will be maintained in the OFF state (by
MSC) throughout OPS-8. -

The following initialization sequence shall be performed:

a. Initialize the current Orbiter mass as saved from OPS 2:

CURR ORB MASS : MASS INIT

b, Perform an initialization operation to obtain current IMU data, pre-

dict the last saved OPS sequence Orbiter position and velocity

vectors to current time, reset parameters for user parameter state

propagation, and initialize flags to OPS 2 or OPS 8 initial values

(refer to item A of section 4.1.2 for detailed requirements):

CALL: OPS 2 OR 8 INITIALIZE

c. Set the accelerometer threshold level to the value specified for OPS 8:

DA THRESHOLD : DA THRESHOLD OPS 8

d, After completion of this initialization, the capability shall be

provided for sequencing the Onorbit/Rendezvous Navigation principal

function at the designated repetition rate (DT_ONORBIT_NAV) for
coasting flight during OPS 8.

, If an onorbit powered flight navigation phase is begun via crew control

on the FCSDIS_C/O display during OPS 8, the PWRD_FLT_NAV flag has been

set to ON via the display and will be detected by the following test:
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PWRD FLT NAV : ON and

PWRD FLT NAV LAST = OFF

then the Onorbit/Rendezvous Navigation Sequencer principal function

shall first cancel execution of the Onorbit/Rendezvous Navigation prin-

cipal function, and perform the following steps:

ao Set a positive feedback flag for the REL_NAV display to indicate a

powered flight navigation phase:

DOING PWRD FLT NAV : ON

b. Set a "last" powered flight navigation flag to enable future changes

in the powered flight navigation flag (PWRDFLT_NAV) to be detected:

PWRD FLT NAV LAST : ON

Cl After completion of this initialization, the capability must be pro-

vided for sequencing the Onorbit/Rendezvous Navigation principal

function at the designated repetition rate (DT_NAV_PWRDFLT) for the

rendezvous powered flight navigation phase.

If an onorbit navigation phase is begun in OPS 8 by entry from an OPS

8 onorbit powered flight navigation phase via FCSDIS_C/O display crew

control, which is determined by testing the following flag settings:

PWRD FLT NAV = OFF and

PWRD FLT NAV LAST : ON

then the Onorbit/Rendezvous Navigation Sequencer principal function

shall provide the capability to first cancel operation of the Onorbit/

Rendezvous Navigation principal function, and then initialize certain

control parameters as follows:

a. Set a flag indicating the nonusage of IMU data in the state

propagator.

USE IMU DATA : OFF
m

b. Set a positive feedback flag for the REL NAV display to indicate a

coasting flight navigation phase:

DOING PWRD FLT NAV : OFF

Co Set a "last" powered flight navigation flag to the coast flight

value. This setting enables future changes in the powered flight

navigation flag (PWRDFLT_NAV) to be detected:

PWRD FLT NAV LAST = OFF
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do Once this initialization is complete, the capability shall be pro-

vided for sequencing the Onorbit/Rendezvous Navigation principal

function at the designated repetition rate (DT_ONORBITNAV) for

coasting flight during OPS 8.

. Memory transition data save - The Onorbit/Rendezvous Navigation

Sequencer principal function shall provide the capability to save

(in protected memory locations) certain data sets for transmission

across a memory transition from one operational sequence to another. The

following two cases require such storage:

- Transition from GN&C OPS 8 to Major Mode 201 (OPS 2) (Event 60A)

- Transition from GN&C OPS 8 to OPS 3 (Event 6OH)

a. Prior to termination of OPS 8 for the above two cases the following

variables shall be saved:

R FILT INIT : R FILT

V FILT INIT = V FILT

T FILT INIT : T LAST FILT

Additionally, for the first of the two cases above, the current

Orbiter mass value shall be saved:

MASS INIT : CURR ORB MASS

bo In all cases where OPS 8 is terminated, the appropriate landing and

Tacan site tables must be saved (see that part of section 4.7 dealing

with OPS Transition Initialization Parameters).

Note :

Although the variable names with the _INIT have been designated as

unique variables, this may not be required if the same physical core

location can be used for R FILT (for example) in each memory load.

The _INIT notation has been used for visibility purposes only.

c. During OPS 8, once the above data have been stored, execution of the

Onorbit/Rendezvous Navigation principal function shall be canceled:

CANCEL: NAV ONORBIT RENDEZVOUS

Interface Requirements. Input and output parameters are given in Table 4.1.1.

Processin_ Requirements. None

Constraints. The following additional constraints apply to the requirements

presented in Section A:
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The following flags are set by e{ther MSC, FCOS, or REL_NAV (via crew

input):

REND NAV FLAG

PWRD FLT NAV

DO FLT SLOW RATE

MEAS ENABLE

and should not be changed (in value) by these external functionsduring

any given cycle of the Onorbit/Rendezvous Navigation principal function

during any navigation phase since a timewise consistent set of navigation

data is required (i.e., a completion of a navigation cycle) to perform

the various navigation functions.

Memory transitions shall only be performed following the completion of

a navigation cycle.

When a transition is made from a coasting flight navigation phase to a

powered flight navigation phase, the powered flight integrator (used in

the state propagation algorithm for powered flight), shall not be

required to integrate over a larger time interval than 10.0 seconds.

The maximum repetition rate for the Onorbit/Rendezvous Navigation

Sequencer principal function shall be 1.92 seconds.

E. Supplemental Information. A suggested implementation of these requirements

is illustrated in Appendix B flow diagrams:

ONORBIT_REND_NAV_SEQUENCER

OPS 2 SETUP CODE

ONORBIT COAST TO RENDEZVOUS COAST CODE

ONORBIT-PWRD FLT TO RENDEZVO-US PWRD FLT CODE

RENDEZVOUS PW--RDFLT TO ONORBIT--PWRD-FLT CODE

RENDEZVOUS-COAST TO ONORBIT COAST CO-DE

ONORBIT COAST TO ONORBIT PWRD FLT CODE

RENDEZVOUS COAST TO RENDEZVOUS PWR-D FLT CODE

ONORBIT PWR--DFLT TO ONORBIT COAST CO-DE

RENDEZVOUS PWRD FLT TO RENDEZVOUS COAST CODE

Appendix

B
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Variable Name

!

! CURR ORB MASS

I DA T-HRESHOLD OPS 2

! DA THRESHOLD OPS 8

! DO--FLTR SLOW-RATE

i DT-NAV PWRD FLT

i DTONORBIT NAV

! DT REND NAV FAST

! DTREND-NAV-SLOW

I

I EVENT El

I EVENT 60

! EVENT--60A

I EVENT 60B

! EVENT-60H

I EVENT--e7

! EVENT_73

I EVENT_83
I EVENT 84

! EVENT--85

!

! G 2 FPS2
!

! MEAS ENABLE
!

! N CYCLE COAST

,CCYCLE_-PWRD_FLT
!

! PWRD FLT NAV
!

! REND NAV FLAG

Input Source

m

l

! R FILT

!
! V FILT

!

! T LAST FILT
!

! WT DISP

!
!

!

Output Destination

I !

* ! *,OPS 2 OR 8 INITIALIZE!
* * ! I

* * I !

* I !

** I I

** ! !

, • ! !

* * ! !
l !

* ! * l
* ! * l
* ! * 1
* ! * !
* ! * 1
* l * !
* ! * !
* l * !
* ! * !
* l * !

l l

** ! r !
! !

l * _ l
! !

i * ! !

* * l !

! !
*,OPS 2 OR 8 INITIALIZE l * I

! I

* ! * !
!

OPS 2 OR 8 INITIALIZE,* l
l

OPS 2 OR 8 INITIALIZE,* l
l

OPS 2 OR 8 INITIALIZE,* !
l

* l
l

l

l

l
l
l
l
!
l
l

!
l
!
l

*See principal function I/O table for the Onorbit/Rendezvous Navigation

Sequencer (table 4.1-2)

**See initialization parameters, section 4.7
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Variable Name

DA THRESHOLD

DOING FLTR SLOW RATE

DOING MEAS ENABLE

DOING--PWRD-FLT NAV

DOING REND NAV

MASS INIT

N CYCLE

R FILT INIT

V FILT INIT

T FILT INIT

USE IMU DATA

PWRD FLT NAV LAST

Input Source

OPS 2 OR 8 INITIALIZE

OPS 2 OR 8 INITIALIZE

Output Destination

*See principal function I/O table for the Onorbit/Rendezvous Navigation Sequencer

(table 4.1-2)
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The purpose of the rendezvous navigation phase termination subfunction is to per-
form the necessary operations required when a rendezvous navigation phase is
terminated in preparation for a transition to an onorbit navigation phase. This
action occurs during OPS2 when the crew or MSCchanges the value of the REND
NAVFLAGfrom a value of ONto OFF(crew control of the RENDNAVFLAGis via t-he
REL_NAVdisplay control, RNDZ_NAV_.ENA).This subfunction is-invo-ked by the
sequencing operations and major modetransitions subfunction (section 4.1.1,
ONORBI T REND_NAV_SEQUENCER).

A.

B.

Co

D.

E.

Detailed Requirements. When called, this subfunction shall first set the

unmodeled acceleration biases to zero. These bias terms were solved for by
the rendezvous navigation filter and need to be set to zero for non-

rendezvous navigation phases.

UNMOD ACC BIAS : O.

The display parameters initialization subfunction shall now be executed to

zero the ACCEPT/REJECT counters for display and measurement processing
requirements:

CALL: DISPLAY COUNT INIT

Detailed requirements for the above subfunction are stated in section
4.1.2.2.1.2.

Interface Requirements. Input and output parameters for this subfunction

may be found in table 4.1.1.1.

Processin_ Requirements. This subfunction shall be called by the sequencing

operations and major mode transitions subfunction (ONORBITREND_NAV_

SEQUENCER) when it is required to transition from rendezvous to onorbit nav-

igation phases during OPS 2.

Constraints. None

Supplemental Information. A suggested implementation of this subfunction

may be found in Appendix B flow diagrams:

REND NAV EXIT
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Variable Name

UNMOD ACC BIAS

!

Input Source ! Output Destination

*See principal function Input/Output table 4.1-2 for the Onorbit/Rendezvous

Navigation Sequencer
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4.1.2 Operation Sequence Initialization (OPS_2_OR_8_INITIALIZE)

The purpose of the operation sequence initialization subfunction is to perform

specific functions required when either operations sequence 2 (OPS 2) or

8 (OPS 8) is entered from another OPS sequence (i.e., OPS I, OPS 3, OPS 00,

OPS 2 or OPS 8).

A. Detailed Requirements.

I . Snap current accumulated inertial measurement unit (IMU)-sensed velocity

data, and associated time tag (section 4.2.2.1), SNAP (V _CURRENT

FILT, T CURRENT FILT) and immediately store the snapped IMU and time
data in local variable locations.

V LAST FILT = V CURRENT FILT

T LAST FILT = T CURRENT FILT

. Initialize the unmodeled acceleration biases solved for in the filter

to zero. These bias terms are solved for by the rendezvous navigation

filter and need to be zeroed for non-rendezvous navigation phases:

UNMOD ACC BIAS : O.

- Compute the square root of MU of the Earth for the precise predictor

and precision state propagation:

SQR_EMU = SQRT(EARTH_MU)

13. Set up the proper parameters to predict the stored Orbiter state

vector to current time (refer to section 4.3 for predictor requirements;

the following are unique COMPOOL locations for use by the predictor):

PRED ORB AREA = REF ORB AREA

PRED ORB MASS : CURR ORB MASS

PRED ORB CD : REF ORB CD

GMDP = GM DEG

GMOP : GM ORD

DMP : DFL

VMP : VFLOV PRED

ATMP = I

PRED STEP : PREC STEP PRED

T PRED INIT : T FILT INIT
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R PRED INIT : R FILT INIT

V PRED INIT : V FILT INIT

T PRED FINAL : T LAST FILT

Then call the onorbit precise prediction principal function

CALL: ONORBIT PREDICT

4. Finally, reset the following onorbit navigation parameters:

R FILT : R PRED FINAL

V FILT : V PRED FINAL

. Initialize those parameters required by the user parameter state propaga-

tion subfunction (section 4.5.1) through the use of the Orbiter state

vector reset task (section 4.1.2.1) for the Orbiter vehicle only:

CALL: SHUTTLE RESET

6. Set a flag that indicates use of the coasting flight state propagation

algorithm.

PWRD FLT NAV : OFF

. Set a positive feedback flag indicating to the REL_NAV display that

powered flight navigation is not active. Additionally, set a flag to

detect a change in the powered flight navigation flag setting:

DOING PWRD FLT NAV : OFF

PWRD FLT NAV LAST = PWRD FLT NAV

8. Set a flag indicating that IMU data is not to be used for navigation and

user parameter state propagation.

USE IMU DATA : OFF

. Signal that the proper initialization has been accomplished to allow the

Onorbit/Rendezvous User Parameter Processing Sequencer principal func-

tion to begin scheduling.

SET: OPS 2 OR 8 INITIALIZE COMPLETE : ON

Interface Requirements. The input and output requirements for this

subfunction are described in table 4.1.2.

Processin s Requirements. This subfunction is called by the sequencing

operations and major mode transitions subfunction, section 4.1.1; ONORBIT_

REND_NAVSEQUENCER.
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Constraints. None

Supplemental Information. A suggested implementation of this module can be

found in Appendix B; OPS 2 OR 8 INITIALIZE.
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Variable Name

V CURRENT FILT
T CURRENT FILT

M

V LAST FILT

T LAST FILT

EARTH MU

SQR_EMU

REF ORB AREA

REF ORB CD

CURR ORB MASS

GM DEG

GM ORD

Input Source

DFL

VFLOV PRED

PREC STEP PRED

R FILT INIT

V FILT INIT

T FILT INIT

R FILT

V FILT

I_ DATA SNAP

I_ DATA SNAP

J*

ONORBIT REND NAV

S_UEN_R - -

l*

ll

*,ONORBITRENDNAV_
SEQUENCER

*,_ORBIT REND NAV
S_UENCER

*,ONORBITRENDNAV_
SEQUENCER

Output Destination

!
! *

! *

!

! *,SHUTTLE_RESET
I

I *,SHUTTLE RESET
I

I

I

I *

I

I

I

I

I

I

I

I
I

I

I
I

I
I

I

I

I

I

!

I

I

I

I

I

I

I

! * ,SHUTTLE_RESET
!

! *,SHUTTLE_RESET
!

*See principal function Input/Output table 4.1-2 for the Onorbit/Rendezvous

.Navigation Sequencer

"See Initialization parameters, section 4.7
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TABLE4.1.2.- Concluded

Variable Name ! Input Source !
, !

Output Destination !

!

!

I

I

! T PRED INIT ! ! *

! ! i

! GMDP ! ! *

! ! !

! GMOP ! ! *

! ! !

! DMP ! ! *

! ! !
! VMP ! ! *

! ! !

! ATMP ! ! *

! ! !

! PRED STEP ! ! *

! - ! !
! R PRED INIT ! ! *
! - -- ! !

! V PRED INIT ! ! *

! ! !

! PWRD FLT NAV ! ! *,ONORBIT_REND_NAV_
! - - ! ! SEQUENCER

! ! !
! DOING PWRD FLT NAV ! ! *

! ! '

! PWRD FLT NAV LAST ! ! ONORBIT REND NAV
! - -- - ! ! SEQUENCER - -

! ! !

! USE IMU DATA ! ! *

! ! !

! OPS 2 OR 8 ! ! *

! INITIALIZE COMPLETE ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
! ! !

! ! !

! ! !

!

!

!

!

!

!
!

!

!

!
!

!
!

!

I

I
!

!
!

!
!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

*See principal function Input/Output table 4.1-2 for the Onorbit/Rendezvous

Navigation Sequencer
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4.1.2.1 Orbiter State Vector Reset (SHUTTLE_RESET)

The purpose of the Orbiter state vector reset subfunction is to provide updated

state vector associated parameters to the user parameter state propagation

subfunction (section 4.5.1) at the beginning of OPS sequence 2 or OPS 8 and at

the end of every navigation cycle through the use of navigated state parameters.

A. Detailed Requirements. At the completion of each OPS sequence 2 or 8

initialization procedure and at the completion of a navigation cycle, the
Orbiter state vector reset subfunction shall be called:

CALL: SHUTTLE RESET

I. This subfunction shall then initialize the reset Orbiter state vector

and associated IMU sensed velocity reading as follows:

R RESET = R FILT

V RESET : V FILT

V IMU RESET : V LAST FILT

T RESET : T LAST FILT

2. Additionally, a flag shall be set to indicate to the user parameter

state propagation subfunction that a navigated state update has occurred.

FILT UPDATE : ON

These parameters are required by the user parameter propagator to

reinitialize the user parameter state following the completion of each

navigation cycle.

B. Interface Requirements. The input and output requirements for this

subfunction are shown in table 4.1.2.1.

C. Processin_ Requirements. This subfunction is called by the following
modules:

OPS 2 OR 8 INITIALIZE

NAV ONORBIT RENDEZVOUS

D. Constraints. None

E. Supplemental Information. A suggested implementation of this subfunction

can be found in Appendix B in the form of a flow diagram:

SHUTTLE RESET
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! ! ! !

! Variable Name ! Input Source ! Output Destination !
! ! ! !

! ! ! ,

! R FILT ! OPS 2 OR 8 INITIALIZE, ! !

! ! ONORBIT REND R V STATE ! !

! ! PROP, REND NAV_FILTER, ! !
! ! SUPER G ! !

! ! ! !

! V FILT ! OPS 2 OR 8 INITIALIZE, ! !
! ! ONORBIT REND R V STATE ! !

! ! PROP, REND NAV FILTER, ! !
! ! SUPER G ! !

! l l !

! T LAST FILT ! OPS 2 OR 8 INITIALIZE, ! !
! ! ONORBIT REND R V STATE ! !

! ! PROP ! !

! l ! !

! V LAST FILT ! OPS 2 OR 8 INITIALIZE, ! !

! ! ONORBIT REND R V STATE ! !

! ! PROP ! !

l l ! l
! R RESET l l * !

! ! ! !

! V RESET ! ! * !
! ! l .... !

! V IMU RESET ! ! * !
! ! ! !

! T RESET ! l * l

l l ! l

! FILT UPDATE ! ! * !

l ! l l

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! l ! l

! ! ! !

l l ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

*See principal function Input/Output table 4.1-2 for the Onorbit/Rendezvous

Navigation Sequencer outputs and table 4.2 for the Onorbit/Rendezvous Navigation

outputs
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4.1.2.2 RendezvousNavigation Initialization (REND_NAV_INIT)

The RendezvousNavigation Initialization subfunction is responsible for the
proper initialization of selected rendezvous related parameters whenever the
Onorbit/Rendezvous Navigation Sequencer principal function initially schedules
the rendezvous navigation phase. This subfunction shall be responsible for the
following tasks.

- Predict the target position and velocity vectors to current time.

Set selected flags to OFFto insure the proper functioning of the
Onorbit/Rendezvous Navigation principal function should the rendezvous
navigation phase be canceled and then re-entered.

- Set certain parameters for the unmodeledacceleration bias propagation to
values used for coasting flight.

- Initialize the covariance matrix.

- Store the current target position and velocity vectors for use by the
User Parameter Processing principal function.

- Set certain parameters used for the next covariance propagation.

A. Detailed Requirements. This subfunction shall perform the following steps.

I. A call to the onorbit prediction function shall be set up with the fol-

lowing associations.

GMDP : GM DEG

GMOP = GM ORD

DMP = DFL

VMP = VFLTV PRED

ATMP = ATFL TV

PRED STEP =-PREC STEP PRED

R PRED INIT = R TV

V -PRED-INIT = V -TV

P-RED YNIT = T-TV

T-PRED-FINAL = T LAST FILT

2. The Onorbit Prediction principal function (section 4.3) is then

exercised to bring the target state to current time.

CALL: ONORBIT PREDICT

3. The result is stored into the target state vector.

R TV : R PRED FINAL

-TV = V-PRED-FINAL

T TV = T LAST FILT

4-48

q



Be

CQ

D.

E.

79FMI0

4. Flags are set to indicate that theunmodeled acceleration bi_s state sta-
tistics are to be initialized to their coast values.

NOISY NAV MEAS = OFF

COV PW-RD FLT = OFF

COV PWRD FLT LAST = OFF

Unmodeled acceleration bias state statistical parameters are initialized

to their coast values.

TAU UNMOD ACC COV = TAU U A COAST

VAR UNMOD ACC = VAR U A COAST

COV ACCEL UVW INIT = COV U A COASt

5. The rendezvous covariance initialization function is called to

initialize the covariance matrix as described in section 4.1.2.2.1.

CALL: REND COV INIT

6. The target state vector reset subfunction resets the user parameter

processing state vectors as described in section 4.1.2.2.2.

CALL: TARGET RESET

. The covariance matrix parameters reset subfunction will then initialize

various parameters necessary for covariance matrix propagation as

described in section 4.1.2.2.3.

CALL: COV LAST RESET

Interface Requirements. Input and output parameters are specified in table
4.1.2.2.

Processin_ Requirements.
SEQUENCER (section 4.1.1).

_ne subfunction is called by ONORBITREND_NAV

Constraints. None

Supplemental Information. A suggested implementation of these requirements

is illustrated in Appendix B with REND_NAV_INIr.

D

4-49
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Variable Name

ATFLTV

ATMP

!
! **
!
!
!

COVACCELUVWINIT !
!

COVPWRDFLT !
!

COVPWRDFLT LAST !

COVU A COAST ! **
!

DFL ! **
!

DMP !
!

GMDEG ! **

GMDP !
!

GMOP !
!

GMORD ! **
n

!

NOISY NAV MEAS !

I

PREC STEP PRED ! _

!

PRED STEP !

!

R PRED FINAL ! *

!

R PRED INIT !

!

R TV ! ** *

!

!

!

!

!

!

!

Input Source Output Destination

U A BIAS AND COVINIT,* !

!

* !

!

* !

!

!

!

!

!

* !

!

!

!

* !

!

* I

I

!

!

* !

!

!

!

* !

!

!

* !

!

* REND COV INIT, i

TAR ET3RF gT, !
COV LAST RESET !

!

!

!

!

!

*Onorbit/Rendezvous Navigation Sequencer principal function, see section 4.1

**Initialization parameters, _ee section 4.T
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! Variable Name ! Input Source !
! ! !

Output Destination

! ! !
! TAUU A COASt ! ** !
! ! !
! TAUUNMODACCCOV ! ! *

! T LASTFILT ! * !
! T-PRED-INI_ ! ! *
! T PREDFINAL ! ! *
! ! !
_ rTV t *_ * i *
! ! !
! VARU A COAST ! *J !

! VARUNMODACC ! ! *
! ! !
! VFLTVPRED ! ** !

! VMP ! ! *

! V PREDFINAL ! * !
! ! !
! V PREDINIT ! ! *

•wV TV .l *,** .I *,RENDCOVINIT,
! ! ! TARGEr_-RESET,
! ! ! COVLASTRESET
! ! !

! ! !
! ! !
! ! !
! ! !
! ! 2

! ! !

! ! !
! ! !
! ! !

*Onorbit/Rendezvous Navigation Sequencerprincipal function, ._eesection 4.1
**Initialization parameters, gee section 4.7
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4.1.2.2.1 Covariance matrix initialJzation (REND_COV_INIT)

The covariance matrix initialization subfunction shall perform the following
tasks upon entering the rendezvous phase, whenever there is an automatic
inflight update during the rendezvous phase, or whenever the crew requests a
covariance matrix reinJtialization or a state _Fector transfer.

I. Initialize the covariance matrix.

2. Zero the counter (ICYCLE) for the asynchronous covariance propagation.

3. Set certain flags to OFFso that the rendezvous sensor initialization
subfunction w_ll properly execute.

4. Zero measurementAccept/Reject counters used for display purposes.

A.
Detailed Requirements. In circumstances _n which the filter vehicle posi-

tion and velocity elements of the on-board filter covariance matrix are to

be initialized to UVW values, the following steps shall be performed (in the
order indicated):

I , Zero the entire 13 by 13 dimensional covariance matrix

E I to 13, I to 13 = 0.0

o Test the SHUTTLE_FILTERFLAG to determine if the Shuttle vehicle or the

target vehicle state is being used by the Ka]man filter.

a. If the Shuttle vehicle is the filter vehicle

(SHUTTLE FILTER FLAG : ON)

(i) Call the UVW parameters _n_tia]ization subfunction to

initia]ize h_ position-velocity portion of the covariance

matrJ× wJt_ _he Shuttle state vector statistics (see section
4.1.2.2.1.1

CALL: COVINIT UVW

(2)

IN LIST: R FILT, V FILT

Calculate the last acceleration vector at current time for the

Shuttle vehicle for use in the covariance matrix propagation
sub function.

TOT ACC_LAST : ACCEL ONORBIT (IGD, IGO, IDRAG, IVENT,

ATFLOV, R FILT, V _FILT, T_CURRENT_FILT)

DV FILT

÷

DT FILT
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where IGD is the degree of the gravitational potential model,
IGO is the order of the gravitational potential model, IDRAGis
the drag model flag, IVENT is the vent model flag, all set by
the state propagation, and ATFLOV is from I-Load.

(For detailed requirements, see section 4.2.3.1.4)

b. If the target vehicle is the f_lter vehicle

(SHUTTLE_FILTER_FLAG= OFF)

(1) Call the UVW parameters initialization subfunction to

initialize the position-velocity portion of the covariance

matrix with the target state vector statistics (see section
4.1.2.2.1.1)

CALL: COVINIT UVW

IN LIST: R _TV, V TV

(2) Calculate the last acceleration vector at current time for the

target vehicle for use in the covariance matrix propagation
subfunction,

G TV LAST : ACCEL_ONORBIT (GM_DEG, GM_ORD, DFL, VFL_TV, ATFL_

TV, R _TV, V _TV, T_.CURRENT_FILT)

where GM_DEG is the degree of the gravitational potential model,

GM_ORD is the order of the gravitational potential model, DFL

is the drag model flag, VFL TV is the vent model flag, and ATFL

TV is the attitude flag, alT for the target vehicle.

(For detailed requirements, see section 4.2.3.1.4)

3. The covariance matrix propagation cycle counter shall be reset

.

I CYCLE : 0

Reset the DO NAV LAST flags for all sensors so that the sensor

bias portions of the covariance matrix will be reconfigured for
active sensors

EXECUTE: DO NAV LAST SETUP CODE

a. DO COAS ANGLES NAV LAST : OFF

DO RR ANGLES NAV LAST = OFF

DO RRDOT NAV LAST = OFF

DO ST ANGLES NAV LAST = OFF
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5. Reset the measurement ACCEPT/REJECT counters

(Refer to section 4.1.2.2.1.2)

CALL: DISPLAY COUNT INIT

Interface Requirements. The input and output variables for this subfunction

are defined in table 4.1.2.2.1.

Processing Requirements. This subfunction is called by the following
subfunctions:

ONORBIT REND AUTO INFLIGHT UPDATE (section 4.2.5.1)

REL NAV DISPLAY UPDATES (section 4.2.5.2)

REND NAV INIT (section 4.1.2.2)

Constraints. None

Supplementary Information. A suggested _mplementation in the form of a

detailed flowchart can be found in Appendix B under the name:

REND COV INIT
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Variable Name ! Input Source !
! !

Output Destination

D

!

! ATFL OV

!

! ATFL TV

!

! DFL

!

! DT FILT

!

! DV FILT

!

!

! GM DEG

!

! GM ORD

!

! IDRAG

!

!

! IGD

!

!

! IGO

!

!

! IVENT

!

!

! R FILT

!

!

!

!

!

! R TV

!

!

!

!

!

! ** ! ACCEL ONORBIT

! !

! ** ! ACCEL ONORBIT

! ** ! ACCEL ONORBIT

! ONORBIT REND R V STATE !

! PROP, *** - !

7 !

! ONORBIT REND R V STATE !

! PROP, *** - !

! ** ! ACCEL ONORBIT

! !

! ** ! ACCEL ONORBIT

! !

! ONORBIT REND R V STATE ! ACCEL ONORBIT

! PROP, *** !

! !

! ONORBIT REND R V STATE ! ACCEL ONORBIT

! PROP, *** !

! !

! ONORBIT REND R V STATE ! ACCEL ONORBIT

! PROP, ,-9, - ! - -

! ONORBIT REND R V STATE ! ACCEL ONORBIT

! PROP, *-** - ! - -

! ONORBIT REND AUTO ! ACCEL ONORBIT,

! INFLIG UPD TE,O ORBIT! OVI TUVW
! REND R V-STATE_PROP,REL_!

! NAV DISPLAY UPDATES, !

! SUPER_G, *** !
! !

! ONORBIT REND AUTO ! ACCEL_ONORBIT,

! INFL I GHT UPD-ATE, REND_ ! COVINIT_ UVW

! NAV INIT,0NORBIT_REND !

!R_V3STATEPROP,R _NA _ !
! DISPLAYUPDATES !
! !

! SHUTTLE FILTER FLAG ! ** !

! , !

*Onorb_t/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7

***Onorbit/Rendezvous Navigation Sequencer principal function, see section 4.1
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i
! ! !

Variable Name ! Input Source !

!

Output Destination

! !

! T CURRENT FILT

!

!

! V FILT

!

!

!

!

!

! VFL TV

!

! V TV

!

!

!

t

!

!t
!

! NAV ONORBIT RENDEZVOUS, ! ACCEL ONORBIT

! *** !

! !

! ONORBIT REND R V STATE ! ACCEL ONORBIT,

! PROP,ONORBIT REND AUTO- ! COVINIT_UVW

! INFLIGHT UPDATE,REL NAV !

! DISPLAY_UPDATES, SUPER_G_!

! ***

!

! **

!

! ONORBIT REND R V STATE

! PROP,REND_NAV_INIT,

! ONORBIT REND AUTO !

! INFLIGHT UPDATE,REL NAV !

! DISPLAY UPDATES - -!

! ACCEL ONORBIT !
_ p

! !

!

!

! ACCEL ONORBIT

! ACCEL ONORBIT,
! _OVIN_T UVW

! DO COAS ANGLES NAV LAST ! ! REND_NAV_SENSOR_INIT, !

I ! ! *** !

! ! ! !

! DO RR ANGLES NAV LAST ! ! REND_NAV_SENSOR_INIT, !

! - - ! ! *** !

! ! ! !

! DO RRDOT NAV LAST ! ! REND NAV_SENSOR_INIT, !

! ! ! *** ,

! ! ! !

! DO ST ANGLES NAV LAST ! ! REND NAV_SENSOR_INIT, !

! - - ! ! *** l

! ! ! !

! E ! ! REND BIAS AND COV PROP,!

! I ! REND_NAV_FILTER, *_*** !

! ! ! !

! G TV LAST ! ! REND BIAS_AND_COV_PROP,!

! ! ! *** !

! ! ! !

! I CYCLE ! ! NAV ONORBIT_RENDEZVOUS,!

! ! ! ***,* !

! l ! !

i

i

i

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
***Onorbit/Rendezvous Navigation Sequencer principal function, see section 4.1

@Value returned from the function

4-56



79FMI0

TABLE4.1.2.2.1.- Concluded

! !
! Variable Name !
! !

Input Source

! !

! Output Destination !

! !

D

P

! ! ! !

! TOT ACC_LAST ! ! REND_BIAS AND_COV_PROP, !
! ! ! *** !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

l ! ! l

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

l l l !

! ! ! !

! ! ! !

' ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

***Onorbit/Rendezvous Nav_ga_t_on Se_luencer principal function, see section 4.1
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4.1.2.2.1.1 UVWparameters initialization (COVINIT_UVW)

The UVWparameters initialization subfunction _nitializes the covariance matrix
when rendezvous navigation is initialized, or when an auto-inflight update or
RELNAVdisplay update to the state vectors or covariance matrix is performed.

m

A. Detailed Reguirements. This subfunction has an in]ist with the following
internal names

INLIST: R, V

where R is the filter vehicle position vector and V is the filter vehicle ve-

locity vector.

This subfunction performs the following steps.
D

I. Initialize the first six diagonal e]ements of the covariance w_th the

square of prestored standard deviations.

o

EI, I = SIG_UPDATE I SIG_UPDATE I for I = I to 6

Initialize the off-diagonal correlation terms of the covariance matrix

in the upper left 6 by 6 portion using prestored correlation coeffi-

cients along with the prestored sigmas.

.

El, 2 = COV_COR_UPDATE I SIG_UPDATE I SIG_UPDATE 2

El, 4 = COV_COR_UPDATE 2 SIG_UPDATE I SIG_UPDATE 4

El, 5 = COV_COR UPDATE 3 SIG_UPDATE I SIG_UPDATE 5

E2, 4 = COV r_R_UPDATE 4 SIG UPDATE 2 SIG_UPDATE 4

E2, 5 = COV_COR_UPDATE 5 SIG_UPDATE 2 SIG_UPDATE 5

E3, 6 = COV_COR_UPDATE 6 SIG_UPDATE 3 SIG_UPDATE 6

E4, 5 = COV_COR_UPDATE 7 SIG_UPDATE 4 SIG_UPDATE 5

E2, I = El, 2

E5, 4 = E4, 5

Call the unmodeled acceleration bias and covar_ance initialization

subfunction (section 4.2.4.1) to initialize the unmodeled acceleration

bias states and the unmodeled acceleration bias slots of the covariance

matrix.

CALL: U A BIAS AND COVINIT

INLIST: R, V
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Convert the upper left 6 by 6 portion of the covar_ance matrix from UVW

to mean of '50 coordinates with the fo]!owing equatfons

E1to3, Ito3 = M_UVW M50 E1to3 ' Ito3 MUVW_ M50T

E4to6, 4to6 = M_UVWM50 E4to6 ' 4to6 MUVW_ M50T

E1to3, 4to6 = M_UVW_M50 E1to3 ' 4to6 M_UVW_ M50T

E4to6, Ito3 = (E1to3, 4to6) T

where the M UVW_M50 transformation matrix was computed by U A BIAS AND
COVINIT.

Interface Requirements. The inputs and outputs for this subfunction are

given in table 4.1.2.2.1.1.

C. Processin_ Requirements. This subfunction is called by

D.

E.

REND COV INIT (section 4.1.2.2.1)

Constraints. None

Supplementary Information. A suggested implementation of this subfunction

is given by the flowchart COVINIT UVW in Appendix B.
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, ,
! Inlist/Outlist ! !
! Internal ! External ! Input Source '
! Name ! Name ! !
! ! ! !

Output Destination

! R ! R FILT ! RENDCOVINIT !
! ! ! !
! V ! V FILT ! RENDCOVINIT !
! ! i !
! R ! R TV ! RENDCOVINIT !
! ! ! !
! V ! V TV ! RENDCOVINIT !

! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! , !
! ! ! !

! l ! l

l ! ! l
! ! ! !

l l ! l

l ! l !

l ! ! l

l ! ! l

l l ! l

l ! ! !

! l ! l

l ! ! !

l ! ! l

! ! ! !

l ! l l

! ! ! !

l l ! l

l l l !

! ! ! !
! ! ! !

l ! l l

l l ! !

l l l l

l ! l l

! l l l

l ! ! l

! ! ! !
! ! l l

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see seotion 11.7

!

l

!

l

l
!

!
l

!

!

!

!

!

l

!

!

l
l

l

l

!

!

l

l

!

!

l

l

l

l

l

!

l

!

!
l

l

!

!

l

l
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TABLE4.1.2.2.1.1.- Concluded

Variable Name
! ! !
! Input Source ! Output Destination !
! ! !

i

I

! ! ! !

' COV COR UPDATE , ** *** , , I
• • _ _ ° •

! ! ! I

i E w i * ***,REND BIAS AND !• • • ,

! ! ! COV PROP, REND_NAV_- !

! ! ! F ILTER !

! M UVW M50 ! U_A BIAS_AND_COVINIT ! !

! ! ! t

! R ! ! U_A_BIAS_AND COVINIT !

! ! ! !

I SIG UPDATE i ** *** * t !

! ! ! '

! V ! ! U_A BIAS AND_COVINIT !
w

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

l ! l l

! ! ! !

! ! ! !

! ! ! !

! ! ! !

l ! ! !

! ! ! !

! ! ! !

l l ! !

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
***Onorbit/Rendezvous Navigation Sequencer principal function, see section 4.1
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4.1.2.2.1.2 Display parameter initialization (DISPLAYCOUNTINIT)

The display initialization subfunction shall reset measurementACCEPT/REJECT
counters whenever the covariance initialization subfunction is invoked, whenever
exiting a rendezvous navigation phase, or whenever the magnitude of the IMU
sensed accelerations exceed a design dependent threshold for measurement_ncorpo-
ration.

A. Detailed Requirements. The following steps shall be performed (in the order
indicated):

Zero the ACCEPT/REJECTcounters. _N_ACCEPT(N _REJECT)is a 4xi array which
counts the total numberof accepted (rejected) measurementsduring the cur-
rent mark sequence. SEQACCEPT(SEQREJECT)counts the number of sequential
accepted (rejected) measurementsduring the current mark sequence.

N ACCEPT: 0
N REJECT= 0
-- m

SEQ ACCEPT = 0

SEQ REJECT =

(all are 4 x I

dimensioned arrays)

B. Interface Requirements. The input and output data are shown in table
_.I.2.2.1.2.

C. Processing Requirements. Th_s subfunction is called by the following
subfunctions:

REND COV INIT

REND NAV EXIT

REND-BIAS AND COV PROP

(section 4.1.2.2.1)

(section 4.1.1.1)

(section 4.2.4)

D. Constraints. None

E. Supplementary Information. A suggested implementation in the form of a

detailed flowchart may be found in Appendix B under the name of DISPLAY
COUNT INIT.
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! ! ! !
! Variable Name ! Input Source ! Output Destination i
! ! ! !

i

! ! ! !

! N ACCEPT ! ! MEAS PROCESSING_ !
i -- I w STATZSTICS REND,* *** w
. • • _ ' •

! ! ! !

! N REJECT ! ! MEAS PROCESSING_ !
I ' ' STATISTICS REND,* *** I

! ! ! !

! SEQ ACCEPT ! ! MEAS PROCESSING !
• ** I

! ! ! STATISTI CS_REND, *, .

! ! ! !

! SEQ REJECT ! ! MEAS PROCESSING_ !
I I t STATISTICS REND,* *** I
. ° • _ ' •

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

l ! ! !

! ! ! !

! ! ! !

! l ! !

! l ! !

! ! ! !
! I ! !

! ! ! !

! ! l l
! ! ! l

! ! ! !

! ! ! !

! ! ! !
l ! ! !

l ! ! !
l l ! !

l l ! !

! ! ! !

! ! ! !

! l ! !

! ! ! !

! ! ! l

l ! ! !

! ! ! !

*Onorbit/Rendezvous principal function, see section 4.2

***Onorbit/Rendezvous Navigation Sequencer principal function, see section 4.1
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4.1.2.2.2 Target state vector reset (TARGET.RESET)

Uponentering the rendezvous navigation phase this subfunction is exercised to
store the current target state vector (position and velocity) for user parameter
processing. Thereafter, while still in the rendezvous navigation phase this
subfunction is exercised at the end of each navigation cycle.

A. Detailed Requirements. This subfunction shall reset the user parameter

processing (section 4.5) copy of navigated target position and velocity:

R TV RESET : R TV

V TV RESET : V TV

B. Interface Requirements. The input and output parameters for this

subfunction are found in table 4.1.2.2.2.

C. Processing Requirements. This subfunction is called by the following
subfunctions :

NAV ONORBIT RENDEZVOUS (section 4.2.1)

REND NAV INIT (section 4.1.2.2)

D. Constraints. None

E. S_upplementarx Information. A suggested implementation of this subfunct_on

is found in Appendix B, TARGET RESET.
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! ! !
! Variable Name ! Input Source ! Output Destination !
! ! ! !

! ! ! !
! R TV t ** ONORBIT REND R V w ,

! ! STATE_PROP_ REL NAV ! !

! ! DISPLAY_UPDATES_ REND ! !

! ! NAV FILTER, ONORBIT REND! !

! ! AUTO INFLIGHT_UPDATE, ! !

! ! REND NAV_INIT ! !

! ! ! !

! V TV ' ** ONORBIT REND R V ' ,

! ! STATE_PROP_ REL-NAV- ! !

! !DISPLAY_UPDATES, REND ! !

! ! NAV_FILTER, ONORBIT REND! !

! ! AUTO INFLIGHT_UPDATE, ! !
! ! REND NAV INIT ! !

! ! ! !
! R TV RESET ! w . *** ,

! ! ! !

! V TV RESET ! , * *** ,

! ! ! !

! 7 ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! , ! ?

! ! ! !

*Onorbit/Rendezvous pr]_cipal function, se _ section 4.P

**Initialization parameters, see section 4.7

***Onorbit/Rendezvous Navigation Sequencer principal function, see section 4.1
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4.1.2.2.3 Covariance matF_/__parametersreset (COV_LAST_RESET)

The covariance matrix parameters reset subfunction saves certain navigation pa-
rameters at the end of a covariance matrix propagation subcycle for use in the
next subcycle. These parameters include the Orbiter and target position and ve-
locity vectors as well as the current time. Also, a variable used for summing
the IMU sensed delta velocities over the subcycle interval _s zeroed for use in
the next subcyele.

A. Detailed Requirements. The following steps shall be performed:

Store the Orbiter position and velocity vectors (R _FILT, V _FILT), the tar-

get position and velocity vectors (R TV, V TV), current filter time (T_

CURRENT_FILT), and zero the delta velocity accumulator (DV_COV).

R LAST : R FILT

V LAST : V FILT

R TV LAST : R TV

V TV LAST : V TV

DV COV : O.

T COV LAST : T CURRENT FILT

B. Interface Requirements. The input and output data are shown in table

4.1.2.2.3.

C. Processing Requirements. This subfunction is called by the following
subfunctions:

NAV ONORBIT RENDEZVOUS (section 4.2.1)

REND NAV INIT (section 4.1.2.2)

D. Constraints. None.

E. Supplementary Information. A suggested implementation in the form of a

detailed flowchart may be found in Appendix B under the name COV_LAST_RESET.
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! Variable Name ! Input Source '
! !

! ' !

Output Destination

! R FILT ! ONORBIT REND_AUTO_ !

! - - ! INFLIGHT_UPDATE, !

! ! REND_NAV_FILTER, !

! ! ONORBIT REND R V STATE_ !

! { PROP, REL NAV DISPLAY !

! ! UPDATES, SUPER G !

! { !

! R TV ! ONORBIT REND AUTO !

! -- ! INFLIGHT UPDATE, REND !

! ! NAV FILTER, ONORBIT_ !

! ! REND R V STATE PROP, {

! ! REL NAV DISPLAY UPDATES, !
D

! ! REND NAV INIT !

! ! !

! T CURRENT FILT ! NAV_ONORBIT RENDEZVOUS,*!

., ! '

! V FILT ! ONORBIT REND AUTO !

! -- ! INFLIGHT UPDATE, REND !

! ! NAV_FILT-ER, ONORBIT REND!

! ! R V STATE PROP, REL_NAV!
!! ! DISPLAY_ UPDATES, •

! ! SUPER_G !

! ! !

! V TV ! ONORBIT REND AUTO !

! ! INFLIGHT_UPDATE, REND_ !

! ! NAV FILTER, ONORBIT_ !

! ! REND R V STATE PROP, !

! ! REL NAV DISPLAY_UPDATES,!

! ! REN-D_NAV_ INIT !

! DV COV !

! !

! t

! !

! R LAST !

! !

! !

! R TV LAST !

! !

! t

}

!

!

!

!

{

!

!

!

{

!

!

!

!

!

!

{

!

, !

!

!

{

!

{

{

!

!

!

!

! !

! NAV ONORBIT !

! REb_EZVOUS, REND BIAS !

! AND_COV PROP,*,*-** - !
! {

! REND BIAS AND COV PROP,!

! REND_NAV_INTERP,* !

! REND BIAS AND COV PROP,!

! REND NAV INTERP,* !

! !

! !

*Onorbit/Rendezvous Navigation Sequencer principal function, see section 4.1

**Initialization parameters, see section 4.7

***Onorbit/Rendezvous Navigation principal function, see section 4.2

{
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! !
! Variable Name !

!
Input Source

! !
! Output Destination !

! ! !
! T COVLAST ! ! RENDBIAS ANDCOV !

- - ! ! PRnP-*v. - - -! !
! ! ! !
! y _LAST ! ! REND_BIAS_ANDCOV_PROP,!
! ! ! REND_NAV_INTERP,* !
! ! ! !
! V TV LAST ! ! REND_BIAS_AND_COV_PROP,!
! ! ! RENDNAVINTERP,* !

-- m

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !
! ! ! !

l ! ! !

l ! ! !

! ! ! l

! ! ! !

l ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! !

! ! !

l ! !

! ! !

! ! !

! l l

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

l ! l

! ! l

! ! !

*Onorbit/Rendezvous Navigation Sequencer principal function, see section 4.1
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4.2 ONORBIT/RENDEZVOUSNAVIGATIONPRINCIPALFUNCTION

The Onorbit/Rendezvous Navigation principal function is the namegiven to the
collection of all subfunctions whosemajor task is to supply users of th_s prin-
cipal function with accurate estimates of the Orbiter and target state vectors.
This section presents an overview of this principal function.

The Onorbit/Rendezvous Navigation principal function contains nine primary
subfunctions.

- Navigation Control (section 4.2.1)

- Navigation Data Snap (section 4.2.2)

- Position and Velocity State Propagation (section 4.2.3)

- UnmodeledAcceleration State and Covariance Matrix Propagation (section
4.2.4)

- State and Covariance Matrix Updates (section 4.2.5)

- Sensor MeasurementSelection (section 4.2.6)

- Sensor MeasurementInitialization (section 4.2.7)

- State and Covariance MeasurementIncorporation (section 4.2.8)

- MeasurementProcessing Statistics (section 4.2.9)

This Onorbit/Rendezvous Navigation design makesuse of a Kalman filter with a 13
componentstate vector in order to produce an accurate estimate of position and
velocity for the Orbiter and target. The state vector is composedof the follow-
ing components.

- Orbiter or target position and velocity in the meanof 1950 coordinate
system - six elements

- Orbiter or target unmodeledacceleration biases in meanof 1950 coordi-
nates - three elements

- Systematic sensor biases - four elements

A flag (SHUTTLE_FILTER_FLAG)with a premission specified value determines
whether the Orbiter or the target position and velocity are to be updated with
the Kalman filter. This sameflag also indicates which vehicle is to be
associated with the unmodeledacceleration bias states.

The Navigation Control subfunction supplies the navigation trunk logic, which se-
quences the other eight primary subfunctions in the proper order and at the
proper rates. The covar]ance matr_ propagation, sensor selection, sensor
initialization, measurementincorporation and measurementprocessing statistics
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subfunctions can be performe_] at a rate slower than the data snap, state propaga-
tion and state and cevariance matrix update subfunctions. This subrate is deter-
mined by the Onorbit/_:endezvous Navigation Sequencer principal function by set-
ting a cycle count, N CYCLE. Whenthe cycle counter, I_CYCLE, reaches the value
N_CYCLE,the slow rate subfunctions are executed. This subrate capabi]ity is ba-
sically intended to be used during the powered flight navigation phase whenthe
state vector is being propagated at a h_gh rate and it is undesirable to perform
the computationally complex covariance matrix propagation and measurementincor-
poration at such a rate. The Navigation Control subfunction is scheduled by the
Onorbit/Rendezvous Navigation Sequencer principal function at the proper rate
for the active navigation phase and operational sequence.

The Navigation Data Snap subfunction copies frequently changing measurementdata
buffers into static memorylocations local to the navigation processing. During
the rendezvous navigation phase, the IMU, the rendezvous radar, the star tracker,
and the CrewOptical Alinement Sight (COAS)sensors are available to the naviga-
tion. During non-rendezvous, only IMU data is available.

The Position and Velocity State Propagation subfunction must maintain a current
estimate of the Orbiter position and velocity during rendezvous and non-
rendezvous navigation phases and a current estimate of the target position and
velocity during the rendezvous navigation phase only. Whenthe powered flight
navigation phase is active, IMU sensed delta velocities and a model of the
Earth's gravitational acceleration are used to propagate the Orbiter position
and velocity to current time. Whenin the coasting flight navigation phase,
models of the Earth's gravitational acceleration, aerodynamic drag, and venting
or uncoupled RCSthrusting acceleration are used to propagate the Orbiter. The
target propagation uses models of the Earth's gravitational acceleration and
aerodynamic drag during either powered flight or coasting flight.

The task of propagating the statistics of the state vector to current time as
well as the propagatio_ of the unmode]edacceleration bias states is performed
by the UnmodeledAcceleration State and Covariance Matrix Propagation
subfunction. The unmodeledacceleration bias state elements are propagated
exponentially (the sensor bias state elements are assumedconstant over the prop-
agation interval) so this subfunction will determine the appropriate time con-
stant and variances used for propagation dependent on whether or not IMU sensed
delta velocities were used to propagate the position and velocity vectors for
the Orbiter.

The unmodeledacceleration bias states actually represent different quantities
depending on whether the IMU sensed delta velocities were used to propagate the
state or not. In the former case the unmodeledacceleration biases represent
the errors in the IMU accelerometers. In the latter case they represent
unmodeledbody forces such a_ drag, venting and RCSuncoupled thrusting. In
each case, a different time constant and variance are used for the exponentially
correlated randomvariable statistics.

A 13 by 13 covariance matrix represents the statistics of the 13 element state
vector. The position and velocity _tatistic_ a_e propagated using an analytic
partial called the mea_,conic parti_l transition matrix. The unmod_]ed accelera-

tion bias statistics _nd the sensor bias statistics are propagated as
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exponentially cor_e]ated ran,!om variables. A model of platform drift supplJes

state noise whenever the I_J sensed delta velocities are used to propagate the
state.

The State and Covariance Matrix Updates subfunction implements ground updates to

the Orbiter or target state vector via uplink and performs state vector trans-

fers and covariance matrix reinitialization when requested by the crew on the

REL NAV display. All of these types of updates require reinitialJzation of the
covariance matrix.

The Sensor Measurement Selection subfunction must select a measurement set for

processing by the Kalman filter. The following measurements are available:

- Rendezvous radar range and range rate

- Rendezvous radar shaft and trunnion angles

- Startracker horizontal and vertical angles

- Crew Optical Alinement Sight (COAS) horizontal and vertical angles

Up to four measurements can be chosen for processing - rendezvous radar

range and range rate along with one pair of angles selected by the crew

on the REL NAV display. When a measurement type Js selected for the

first time, statistical parameters associated with the newly selected mea-

surement type must be initialized for use in the Kalman estimation of sys-

tematic sensor biases. This task is performed by the Navigation Sensor

Initialization subfunction.

The State and Covariance Measurement Incorporation subfunction performs

the final step in the Kalman processing, namely, the incorporation of the

selected measurements. The covarianee matrix is updated. The position

and velocity vectors ef the vehicle state selected for Kalman processing

(determined by SHUTT[Z TILTER FLAG) are updated. The sensor biases are

updated. A f]ag from the ILOAD (UNMOD_ACC_UPDATE FLAG) determines

whether the unmodeled acceleration states are to be updated or to be left

zero, leaving only their statistical influence on the Kalman processing.

Measurements can be incorporated into the state vector only when all the

following criteria are satisfied.

- Rendezvous navigation phase is active (REND_NAV_FLAG = ON)

- The measurement type is selected

- The measurement data is valid

The IMU sensed acceleration is below a premission specified threshold

(MEAS THRESHOLD)

The covari_nce mat_:× has been propagated on the current navigation

cycle
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- The estimated distance between the Orbiter and the target is greater
than a premiss_on _pecified distance

- The measurementis not in the INHIBIT modeas selected by the crew on
the RELNAVd_splay

- The measurementdoes not fail to pass the edit criteria which rejects
measurementswhich are not commensuratew_th the estimated measurement

- When_n Major Mode202 the MEASENABLEswitch is set to ONby the crew

After Kalmanprocessing has been completed, the MeasurementProcessing Statis-
tics subfunction shall compute parameters to be displayed on the RELNAVdis-
play. The parameters calculated are the measurementresiduals and residual
ratios, the mark histories, and the edit status.

The only direct user of the onorbit/rendezvous navigated state vector is the
User Parameter Processing principal function. This principal function _nte-
grates the state vector using a h_gh rate, less precise propagator (average-g)
then that used by the navigation. The user parameter processing state vector
is updated with the navigation state vector at the navigation rate. Other prin-
cipal functions which require state vectors get them from the User Parameter
Processing principal function at the higher rate.

In table 4.2 (the Onorb_t/RendezvousNavigation Principal Function Inputs/
Outputs), there are someparameters which are being output to telemetry (TLM)
which were not set by NAV. For these situations, the local source is listed as
"NONE".
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TABLE4.2.- OfJ)RBIT/RENDET,'__ _USNAVIGATIONPRINCIPA FUNCTIONINPUT/OUTPUT

! ! ! ! !
! ! ! ! !
! Variable !Principal Function! Local !Principal Function!
! Name t Source !Destinat_ on! Destinat_ on !
! _ ! ! !

7
!

Local !
Source !

!ACCELONORBIT!!ALT_SS ! ! !TLM
! ! ! !
!ANGLES_AIF !REL_NAVdisplay !RENDSENSOR!TLM
! ! ! SELECT

!ANGLESAIF _ !
!DISPLAY - ! !
! ! !
!ANGLESENABLE! !
!DISPLAY - ! !
! ! !
!ATMP ! !
! ! ! ! TLM

! ! ! !
!AXN !Startracker SOP !Sensor Data!
! ! !Snap
! ! !
!COASDATAGOOD! !
! ! !
! ! !
!COASENABLE ! !
! ! !
!COASID ! !

!COASMARKNUM! !
! ! !
! ! !
!CONTACC ! !

! ! !

!RENDSENSOR!
! !SELECT - !

!REL_NAVdisplay, !RENDSENSOR!
!TLM !SELECT - !

!REL_NAVdisplay, !RENDNAV !
!TLM !SENSORINIT !

!Onorbit Predictor,!ONORBIT REND!
!AUTOINFLIGHT!
! UPDATE !
! !
! !

! ! !
!TLM !NAVONORBIT!
! !RENDEZVOUS- !
! ! !
!TLM !none !

!TLM !NAVONORBIT!
! !RENDEZVOUS- !
! ! !
!TLM !NAVONORBIT!
! !RENDEZVOUS- !
! ! !
!TLM !ONORBITREND!
! !R V STATE -7
! !PROP !
! ! !

!COVACCELUVW!Ooorbit/Rendezvous!U A BIAS !
!INIT - -!Navigation !AND-COVINIT!
! !Sequencer ! !
! ! ! !
!COYCORUPDATE!UplinkProcessor !COVINITUVW!
! ! ! !
!COVPWRDFLT !Onorbit/RendezvouslRENDBIAS !

m

! !Navigation !AND COV - !

! !Sequencer !PROP - !

! ! ! !

! !

! !

! !

! !

! !

! !

! !

! !

! !
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!
!
! Variable
! Name
!

! ! ! !
!Principal Function! Local !Principal Function!
7 Source !Destination ! De:_tination !
! ! ! !

Local

Source

!COV PWRD FLT !Onorbit/Rendezvous!REND BIAS

!LAST - - !Navigation !AND -COV -

! !Sequencer !PROP -

! ! !

!CURR ORB MASS !Onorbit/Rendezvous!ACCEL

!

!
!

!

!

!

!DATA GOOD

!

!

!DA THRESHOLD

!

!

!

!Navigation !ONORBIT_,

!Sequencer, Onorbit!ONORBIT
!Guidance !REND AUTO

!

!

!

!TLM

!

!

! !INFLIGHT - !

! !UPDATE !

!Startracker SOP !Sensor Data!

! !Snap !

!Onorbit/Rendezvous!ONORBIT !TLM

!Navigation !REND R V !

!Seqencer !STATE PROP !
! ! !

!

!

!

!none

!

!

!

!

!

!

!

!

!

!none

!

I

!

!DID COVAR ! !

!R EI_IT - _ !

! ! !

! ! !

!DID ORB TO TGT! !

! ! !

!DID TGT TO ORB! !

! ! !

! ! !

! ! !

!pISP_DELQ ! !
! ! !

! ! !

! ! !

!DISP EDIT ! !
m

! ! !

! ! !

!REL NAV display, !REL NAV
!TLM- !DISPLAY-

! !UPDATES

! !

!REL NAV display, !REL NAV
!TLM- !DISPLAY-

! !UPDATES-

!REL NAV display, !REL NAV
!TLM- !DIS LAY-
! !UPDATES-

! !

!REL NAV display, !MEAS
!TLM- !PROCESSING

! !STATISTICS

! !REND

! !

!REL NAV display, !MEAS
!GN&C Communication!PRO_SSING

!Interface, TLM !STATISTICS

! !REND

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

1

!

!

!

!

!

!

!

!

!

!
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TABLE4.2.- Continued

! ! ! ! ! !
! ! ! ! ! !
! Variable !Principal Function! Local !Principal Function! Local !
! Name ! Source !Destination! Destination ! Source !
! ! ! ! ! !
! _ !

!DISP SIG ! !

!- - ! !

! ! !

! _ !

! _ !

!DMP ! !

! ! !

! _ !

! ! !

!DO COAS ! !

!ANGLES NAV ! !

! ! !

!REL NAV display, !MEAS !
!TLM- !PROCESSING !

! !STATISTICS- !

! !R END !

! ! !

!Onorb_t Predictor !ONORBIT REND !

! !AUTO INFLIGHT !

! ! UPDATE !

!TLM !REND SENSOR !

! !SELECT - !

! ! !

!DO COAS ANGLES!Onorbit/Rendezvous!REND NAV !

!_NAY_LAST !Navigation !SENSOR INIT!

! !Sequencer ! !

! ! ! !

!DO COVAR !REL NAV display !REL NAV !

!REINIT ! !DISPLAY- !

! ! !UPDATES- !

! ! ! !

!DOING MEAS !

!ENABLE - !

! !

!DO_ORB TO TGT !REL_NAV display
! !

!

! !

!DO_OV_UPLINK !Uplink Processor
! !

! !

!

! !

!DO RR ANGLES !

!NAV !

! !

! !REL NAV display, !REND SENSOR
! !TLM- !SELECT

! ! !

!REL NAV ! !

!DISPLAY- ! !

!UPDATES- ! !

! ! !

!ONORBIT !Uplink Processor, !ONORBIT REND !
!REND AUTO !TLM !AUTO INFLIGHT!

!INFLIGHT - !

!UPDATE !

! !

! !TLM

! !

! !

!

!

!

!

!

!

!

!

!

!DO RR ANGLES

!NAV LAST

!

!

!DO RRDOT NAV

!LAST - -

!

!

!Onorbit/Rendezvous!REND NAV !

!Navigation !SENSOR INIT!

!Sequencer ! !

! ! !

!Onorbit/Rendezvous!REND NAV !

!Navigation !SENSOR INIT!

!Sequencer ! !

! UPDATE !

! !

!REND SENSOR !

!SELECT - !

! !

! !

! !

! !

! !

! !

! !
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!
! Variable
! Name
!

! ! ! !
!Principal Function! Local !Principal Function!
! Source !Destination ! Destination !

!
!DOST ANGLES
!NAV
!

!DO ST ANGLES

!NAV LAST

!

!

! ! !

! ! !

! ! !TLM

!Onorbit/Rendezvous!REND NAV !

!Navigation !SENSOR INIT !

!Sequencer ! !

! ! !

Local

Source

!REND SENSOR !

!SELECT - !

! f

! !

! !

! !

! !

!DO TV UPLINK !Upl_nk Processor !ONORBIT
! ! !REND AUTO

! ! !INFLIGHT - !

! ! !UPDATE !

! ! ! !

!DO TGT TO ORB !REL NAV display !REL NAV !
! - ! - !DI SPLAY- !

! ! !UPDATES !

! ! ! !

!D SS ! ! !TLM

! ! ! !

!DT COV ! ! !TLM

I l ! l

l ! ! !

!Uplink Processor, !ONORBIT REND !
!TLM !AUTO INFLZGHT!

! UPDATE !

! !

! !

! !

! !

! !

! !

!ACCEL ONORBIT!

! !

!REND BIAS AND!

! COV-PROP- !

! !

!DV COV
m

! !Navigation

! !Sequencer

! !

! !

I !

!DT FILT !

! !

! !

!DV FILT !

! !

! !

! !

! !

! !

!Onorbit/Rendezvous!NAV ONORBIT ITEM

! RENDEZVOUS,!

!REND BIAS !

!AND COV - !

!PROP, REND !

!NAV INTERP- !

! !

!NAV ONORBIT !

!RENDEZVOUS,- !

!COV LAST !

!RESET - !

! !

! !

! !

!Onorbit/Rendezvous!ONORBIT REND !

!Navigation ! R V STATE_ l

!Sequencer !PROP !
l ! !

!Onorbit/Rendezvous!ONORBIT REND !

!Navigation !R V STATE_ -!

!Sequencer !PROP !
! ! !

! ! !

! I !

! ! !

!

!

'I!
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!
!
! Variable
! Name
!

! ! !
! ! ! !
!Principal Function! Local !Principal Function!
! Source !Destination! Destination !
! ! ! !

!

!

Local !

Source !

! _ !

!E !Onorbit/Rendezvous!REND BIAS !TLM

! !Navigation !AND COV - !

! !Sequencer !PROP - !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

!FILT UPDATE ! ! !User Parameter
D

! ! ! !Process! ng
! ! ! !

!GMDP ! !

! ! !

! ! !

! ! !

!GMOP ! !

! ! !

! ! ! !

! ! ! !

!G NEW ! ! !TLM

! ! ! !

! ! ! !

! ! ! !

! ! ! !

!G TV ! ! !TLM

! ! ! !.

! ! ! !

! ! ! !

!G TV LAST !Onorbit/RendezvouslREND BIAS !

!- - - !Navigation !AND COV - !

! !Sequencer !PROP - !

! ! ! !

!H CAL !Startracker SOP !Sensor Data!

! ! !Snap !

! ! ! !

!H NAV !Startracker SOP !Sensor Data!

! ! !Snap !

! ! ! !

, ! ! !

!REND BIAS AND!

!COVPROP ,- !
!REND NAV !

!FILTER, !

!COVINIT_UVW, !
!U A BIAS AND !

I

!COVINIT, !

!SETUP, !

!REND COV INIT!

! !

!SHUTTLE RESET !

! !

! !

!Onorbit Predictor !ONORBIT REND !

! !AUTO INFLIGHT !

! ! UPDATE

! ! !

!Onorbit Predictor !ONORBIT REND !

! !AUTO INFLIGHT !

! UPDATE !

!ONORBIT REND !

!R V STATE -!

!PROP, !
!SUPER G !

! !

!ONORBIT REND !

!R V STATE -!

!PROP !

! !

! !

! !

! !

! !

! !
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!
!
! Variable
! Name
!

! ! ! !
! ! ! ! ,
!Principal Function! Local !Principal Function! Local !
! Source !Destination! Destination ! Source '
! ! ! ! !

!

!I CYCLE
D

!

!

!

!IDRAG

!

!

!

!IVENT

!

!

!

!IGD

!

!

!

!IGO

!

!

!

!KFACTOR

!

!

!MEAS ENABLE

!

!

!

!

!M M50 TO BODY !

!C6AS- - -!
! !

!M_M50 TO ST
!

!

!MM 202

!

!

!

!

!

!

! ! !

!Onorbit/Rendezvous!NAV ONORBIT!TLM

!Navigation !_RENDEZVOUS!

!Sequencer ! !
! !

! !

! !

! !

! !

! !

! !

! I

! !

! !

! I

! !

! !

! !

! I

! !

! !

!Upllnk Processor !ACCEL

! !ONORB-IT !

! ! !

!REL NAV d_splay, !REND SENSOR!

!Oncrbit/Rendezvous! SELECT

!Navigation

!Sequencer
!

!

!

!

!MSC

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

7

!

!REND SENSOR!

! SELECT !
! !

! !

! !

! !

! !

!

!NAV ONORBIT !

!RENDEZVOUS,- !

!REND COV INIT!

!Onorbit/Rendezvous!ONORBIT REND !

!Navigation !R V STATE -!

!Sequencer !PROP !

!Onorbit/Rendezvous!ONORBIT REND !

!Navigation !R V STATE -!

!Sequencer !PROP !

!Onorbit/Rendezvous!ONORBIT REND !

!Navigation !R V STATE -!

!Sequencer IPROP !

!Onorbit/Rendezvous!ONORBIT REND !

!Navigation

!Sequencer
!

!

!

!

!TLM

!

!

!TLM

!

!R V STATE -!

!PROP !

! Y

7

! !

!NAV ONORBIT !

!RE EZVOUS - !
! !

!NAV ONORBIT !

!RENDEZVOUS !

! !

! !

!

!
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!

! Variable
! Name
!

! ! ! !
! ! ! !
!Principal Function! Local !Principal Function!
! Source !Destination! Destination !
! ! ! !

Local
Source

! ! ! ! ! !
!MEAS !iN ACCEPT !Onorbit/Rendezvous!MEAS !TLM, REL_NAV

! !Navigation !PROCESSING_!display
! !Sequencer !STATISTICS!
! ! !REND !
! ! ! !

l ! l !

l l l l

!NAV MEAS l ! !TLM

! ! ! !

! l ! l

!NAV SIGHT lStartracker SOP lSensor Datal

l l l Snap l
! ! ! l

!NAV TARGET lStartracker SOP !Sensor Datal

! ! ! Snap !
! ! ! !

IN CYCLE

l

l

l

!Onorbit/Rendezvous!NAV ONORBIT!

!Navigation !_RENDEZVOUS!

!Sequencer ! !
! ! !

! NOISY NAV MEAS !Onorbit/Rendezvous !REND BIAS !

! - - !Navigation !AND COV - !

! !Sequencer !PROP - !
! ! ! !

IN REJECT !OnorbitlRendezvous!MEAS !TLM, REL NAV

!- - ! Navigati on ! PROCESSING ! display -

! ! Sequencer ! STATISTICS_ !
! ! IREND !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

lOP CODE ! ! ITLM

l ! l !

!PROCESSING !

!STATISTICS- !

IREND, DISPLAY!

!_COUNT_INIT, !
ISETUP l

! l

!NAY ONORBIT !

!RENDEZVOUS - !

l l

l !

! l

l l

l l

l l

l !

l l

l l

l l

! !

l l

l !

l !

l !

!MEAS !
!PROCESSING !

!STATISTICS !

!REND, !
!DISPLAY !

!COUNT INIT, !
ISETUP- !

! !

!none !

! !

!PRED ORB AREA ! !

! ! !

! ! !

! l !

!PRED ORB CD ! !

! ! l
l ! !

! l l

!Onorbit Predictor,!ONORBIT REND !
!TLM !AUTO INFLIGHT!

! ! UPDATE !

! !- !

!Onorbit Pred_ctor,lONORBIT REND_!
!TLM IAUTO INFLIGHT!

! l UPDATE !

, ! !
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!
!
! Variable
! Name
!

! ! ! ! !
! ! w ! !
!Principal Function! Local !Principal Function! Local !
! Source !Destination! Destination ! Source !
! ! ! ! !

! !

!PRED ORB MASS !

! !

! !

!PRED STEP !

! !

!

!PWRD FLT NAV

!

!

!

!

!

!Q _BOD_M50
!

!

!Q_COAS_HORIZ
!

!

!Q_COAS_VERT !
! !

!Q M5OBODY IMU !

!

!Q_M5OBODY_RR
!

!

!Q ST HORIZ

!

!

!Q ST VERT

I

!

!Q RR RNG

!

!

!Q RR RNG DOT

!

!

!Onorbit Predictor,!ONORBIT REND !
!TLM !AUTO INFLI GHT !

! ! UPDATE !

!Onorbit Predictor,!ONORBIT REND !
!TLM !AUTO INFLIGHT!

!REL NAV display, !ONORBIT !TLM
!Onorbit/Ren4ezvous!REND R V !

!Navigation !STATE PROP !

!Sequencer, FCS/DED!

!DISP C/O D_sp]ay
!

!Onorbit Attitude

!Processing
!

!

I

!

!

!IMU Data !

!Snap
!

! !TLM

!

!

! !TLM

! !

!

! _TLM

!

! ! !

!Rendezvous Radar !Sensor Data!TLM

!SOP !Snap !
! ! !

! !TLM

! ! !

! ! !

! ! !TLM

! ! !

! ! !TLM

! ! !

! ! _TLM

! UPDATE !

! !

!none !

! !

! !

! !

!NAV ONORBIT !
!RENDEZVOUS - !

!NAV ONORBIT !

!RENDEZVOUS - !

!NAV ONORBIT !

!RENDEZVOUS - !

! !

!NAV ONORBIT !

!RENDEZVOUS - !

! !

!NAV ONORBIT !

!RENDEZVOUS - !

!NAV ONORBIT !

!RENDEZVOUS - !

!NAV ONORBIT !

!RENDEZVOUS - !

! !

!NAV ONORBIT !

!RENDEZVOUS - !

, !

4-80



79FMI0

TABLE 4.2.- Cohtinued

! !

!

! Variable

! Name

!
! ! ! ! !

!Principal Function! Local !Principal Function! Local !
! Source !Destination ! Destination ! Source !

! ! ! ! !

! ! ! ! !

!Q RR SHFT !
!

! !

!Q RRTRUN !
! !

! !

!RANGE AIF !REL_NAV display

! !

! !

!RANGE AIF !

!DISPLAY - !
! !

!RDOT AIF !REL NAV display

! !

! !

!RDOT AIF !

!DISPLAY - !

, !

!RDOT DATA GOOD!
f

!REND NAV FLAG !REL_NAV display,

! !MSC

:

,

,.

.,

! !

, !
:

!
! '.

! .'
! !

! !

! '.

,

! !

,.

!

!

! !TLM

! !

! !

! !TLM
! !

! !

!REND SENSOR !TLM

! SELECT !

, !

! !REL NAV display,

! !TLM

, !

!REND SENSOR !TLM

! SELECT !

! !

! !REL_NAV display,

l !TLM

! !

! _TLM

! !

! !

!NAV ONORBIT ITLM

! RENDEZVOUS,!

!ONORBIT !
!REND R V !

!STATE PROP, !

!ONORB-iT I
!REND AUTO !

!INFLIGHT - !
!UPDATE !

! !

! !

! !

! !

! !

! !

! !

! !

! !

!NAV ONORBIT_ !
_REN_EZVOUS !

! !

!NAV ONORBIT !
!RENDEZVOUS - !

!REND SENSOR !

!SELECT -

!REND SENSOR !
!SELECT !

! !

!REND SENSOR !
!SELECT !

IREND SENSOR !

!SELECT !

!NAV ONORBIT !
!RENDEZVOUS

!none !

!

!
!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!
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Variable

Name

! ! !

! ! ! !

!Principal Function! Local !Principal Function!

! Source !Destination! Destination !

! ! ! !

!

Local !

Source !

!

!R FILT

!

!

!

!

!

!

!

!

!

!R GND
n D

!

!

I

!

!R LAST

!

!

!

!

! !

!Onorbit/Rendezvous!ONORBIT

!Navigation

!Sequencer

! 7 !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

!Uplink Processor !ONORBIT !

I !REND AUTO !

! !INFLiGHT- !

! !UPDATE !

! ! !

! !

!Onorbit/Rendezvous !ONORBIT REND !

!REND R V !Navigation

!STATE PROP !Sequencer

!R V STATE -!

!PROP, !

!ONORBIT REND !

!AUTO INFLIGHT!

! UPDATE, !

!REL NAV !

!DISPLAY- !

!UPDATES, !

!REND NAV !

!FILTER, !

!SUPER G !

! !

! !

! !

! !

!Onorbit/Rendezvous !REND BIAS !

!Navigation !AND COV - !

!Sequencer !PROP, !

! !REND NAV !

! !INTERP - !

! ! ,

l !

! !

, !

, !

!RNG DATA GOOD ! !
m

! ! !

! ! !

!R PRED FINAL !Onorbit Predictor !ONORBIT

! !

! !

! !

! !

!R PRED INIT !

! !

!RR ANG DG !Rendezvous Radar

! !SOP

I I

! !

!TLM !NAV ONORBIT !

! !RENDEZVOUS - !

! ! I

!TLM !none !

I ! !

! ! !

! ! !

! ! !

!Onorbit Predictor,!ONORBIT REND I
!TLM !AUTO INFLIGHT!

iREND AUTO

!INFLIGHT -

!UPDATE

!

!

!

i !

!Sensor Data!

!Snap !

! !

! UPDATE !

! !

!
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79FMI0

! ! ! ! !
! ! ! ! !

! Variable !Principal Function! Local !Principal Function!
! Name ! Source !Destination! Destination !
! ! ! ! !

! ! ! ! !

Local

Source

!RR ANGLE DATA ! ! !TLM
!GOOD - - ! ! !

! ! ! !

!RR ANGLE MARK ! ! !TLM

!N@ - ! !
! ! ! !

!RR ANGLES !REL NAV display !REND SENSOR!TLM
!ENABLE - ! -

! !

!RRDOT MARK NUM!

! !

! !

!R RESET !

! !

! !

!RR PITCHO !Rendezvous Radar

! !SOP

! !

!RR RANGEO !Rendezvous Radar

! !SOP

! !

!RR RNG DG !Rendezvous Radar

! !SOP

! !

!RR RNGR DG !Rendezvous R_dar
! !SOP

! !

!RR RNGRO !Rendezvous Radar

! !SOP

! !

!RR ROLLO !Rendezvous Radar
! !SOP

! !

!RR SELF TEST !Rendezvous Radar

! !SOP

!RR TIM !Rendezvous Radar

! !SOP

! !

! SELECT

!

!

!

!

!

!

!

!Sensor Data!

!Snap !
! !

!Sensor Data!

!Snap !
! !

!Sensor Data!

!Snap !
! !

!Sensor Data!

!Snap !
! !

!Sensor Data !

!Snap !
! !

!Sensor Data!

!Snap !
! !

!Sensor Data !

!Snap !
! !

!Sensor Data!

!Snap !
! !

! !

! !

!

!

!TLM

!

!

!User Parameter

!Processing, TLM
!

!NAV ONORBIT !
!RENDEZVOUS - !

!

!NAV ONORBIT !
!RENDEZVOUS - !

!none !

!NAV ONORBIT
!RENDEZVOUS - !

!SHUTTLE RESET!

! !

! !

! !
! !

! !

! !

! !

! !

7 !

! !

7
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! !

Variable

Name

! ! !

!Principal Function! Local !Principal Function!
! Source !Dest_nation I Destination !

! ! ! !

!

Local !

Source

!

!R TV
!

!

I

!

I

!

!

!
!

!

!

!R
!

!

!

!
!R

!
!

!
!

!

TV GND

TV LAST

!R TV RESET

!

!

!SENSOR BIAS
p

I

! !

!SENSOR EDIT !
!- - !

! !

!SELF lEST FLAG!
r

l !

!
!
!
!
!
!
l
!
!

!Uplink Processor
!

!Onorbit/Rendezvous!ONORBIT

!Navigation !REND R V !Navigation

!Sequencer !STATE_PROP !Sequencer, TLM
l l

l !

! !

l !

! l

l !

l !

! !

l l

!ONORBIT !
!REND AUTO !

! !INFLIGHT- !

! !UPDATE l
! l !

!Onorbit/Rendezvous !REND BIAS !

!Navigation lAND COV - !

!Sequencer IPROP, - !

! !REND NAV !
! !INTERP - !
! ! !
! ! !TLM, User Para-

! ! !meter Processing

! ! !

! ! !TLM
! ! !

! I
! !
! ITLM
! !
! !
! !
! !
! !
! !TLM
! !
! !
! !
! !

!Onorbit/Rendezvous!ONORBIT REND !
!R V STATE -!

!PROP, !
!ONORBIT REND !
!AUTOIN, LIGHt!
!_UPDATE, !
!REL NAV !
!DISPLAY- !

IUPDATES, !
!REND NAV !
!FILTER - !

! !

! !

I !

I !

! !

! !

! i

! !

! !

l !

! i
! !

!TARGET RESET !
! !

! !

!SETUP, !
!REND NAV !
!FILTER !
! l

IREND SENSOR l

!SELECT, !

IRRDOT NAV, !

!RR ANGLE NAV,!

!AN LZ_N !
! !

!NAV ONORBIT_ !
IREN-DEZVOUS !
l !

! !
!l
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TABLE 4.2.- Continued

!

! Variable

! Name

! ! ! !

! ! ! !

!Princ].pal Function! Local !Principal Function!

! Source !Destination ! Destination !

! ! ! !

!

Local !

Source !

!

!SEQ ACCEPT
!

!

!

!

!SEQ REJECt
!

!

!

!

!

!

!

! ! !

!Onorb it/Rende zvous !MEAS !TLM

!Navigation !PROCESSING !

!Sequencer !STATISTICS !

! !REND !

! ! !

! ! !

! ! !

!Onorbit/Rendezvous!MEAS !TLM

!Navigation !PROCESSING !

!Sequencer !STATISTICS- !

! !REND !

! ! !

! ! !

! ! !

!SHUTTLE FILTER!

! FLAG

!

!SIG UPDATE

!

!SQR EMU

!

!

!

!

!

!

!

!

!ST DATA GOOD
!

!

!ST ENABLE

!

!

!ST MARK NUM

!

!

! !TLM

! ! !

! ! !

!Uplink Processor !COVINIT UVW!

!Onorbit/Rendezvous!PINES !

!Navigation !METHOD, !

!SequenceP !MEAN CONIC !

! !PARTIAL -!

! !TRANSITION !

! !MATRIX 6X6_!

! !ONORBIT SV !

! !INTERP !

! ! !

! ! !TLM

! ! !

!REL_NAV display !REND SENSOR!TLM
! ! SELECT !

! ! !

! ! !TLM

! ! !

!TAU UNMOD ACC_!Onorbit/Rendezvous!REND BIAS !

!COV- - !Navigation !AND COY - !

! !Sequencer !PROP - !

! ! ! !

!SETUP, !
!MEAS !

!PROCESSING !

!STATISTICS !

!REND, !

!DISPLAY COUNT!

! INIT !

!SETUP, !
!MEAS !

!PROCESSING !

!STATISTICS !

!REND, !

!DISPLAY COUNT!

! INIT !

! !

!none !

! !

! !

! !

! !

! !

! !

! !

! !

!NAV ONORBIT !

!RENDEZVOUS - !

! !

!none !

!NAV ONORBIT !

!RENDEZVOUS - !

!

!
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!
!
! Variable
! Name
!

! ! ! !
!Principal Function! Local !Principa] Function!
! Source !Destination! Destination !
! ! ! !

Local
Source

!
!T COAS

!
!T COVLAST
!
!
!

! ! !
! ! !TLM !NAVONORBIT
! ! ! !RENDEZVOUS-
! ! ! !
!Onorb_t/Rendezvous!RENDBIAS ! !
!Navigation !ANDCOV - ! !
!Sequencer !PROP - ! !
! ! ! !

! !TLM, Onorbit/ !NAV ONORBIT

! ! !Rendezvous Naviga-!RENDEZVOUS -

IT CURRENT FILT!

!

!

!TFOFF

!

!TFON

!

I

IT GND

!

!

!

!

! !

!

!Upl_nk Processor !ACCEL
!ONORB_T

! !

!Uplink Processor !ACCEL
! !ONORBIT

I !

!Uplink Processor !ONORBIT
! !REND AUTO

! !INFLIGHT

! !UPDATE

! !

!tion Sequencer !
! !

!TLM !none

! !

! !

!TLM !none

! !

! !

! !

! !

! !

! !

!TIME

!

!

!T ZMUS GA

!

!

iT LAST FILT

!

!

!

!

!T M50 BODY
m --.

!

!

!T MSO ST

!

!

!

!

!Startracke _ SOP !Sensor Data!

! !Snap !

!IMU Inertial !IMU Data !

!Processing !Snap !
! ! !

!Onorbit/Rendezvous!ONORBIT

!Navigation !REND R

!

!

!
!

!

! !

! !

! !

!Onorbit/Rendezvous!ONORBIT REND !

!Navigation !R V STATE_ -!
!PROP

!

!

!

!

!

!

!

!

!Sequencer !STATE_PROP,!Sequencer
! !SUPER G !

! ! !

!Startracker SOP !Sensor Data!

! !Snap !
! ! !

!Startracker SOP !Sensor Data!

! !Snap !

! ! !

! ! !

! ! !
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Variable
Name

! ! ! !
!Principal Function! Local !Principal Function!
' Source !Destination! Destination !
! ! ! !

! ! ! !

Local

Source

!T ORB STATE ! !

!UPDATE - ! !

! ! !

! ! !

!TOT ACC ! !

!TOT ACC LAST !Onorbit/Rendezvous!REND BIAS

! !Navigation !AND COV

! !Sequencer !PROP -

! ! !

iT PRED FINAL ! !

! ! !

! ! !

!T PRED INIT ! !

! ! !

! ! !

!T REND RADAR ! !

!T RESET ! !

! ! !

!TRG TRK MODE ! !

! ! !

! ! !

!T STAR TRACKER! !

!TLM !ONORBIT REND !

! !AUTO IN-FLIGHT!

! ! UPDiTE !

!TLM !REND BIAS AND!

! ! COY-PROP- !

! ! !

! ! !

! ! !

! ! !

!Onorbit Pred_ctor,!ONORBIT REND !
!TLM !AUTO INFLIGHT!

! ! UPDATE !

! ! !

!Onorbit Predictor,!ONORBIT REND !
!TLM !AUTO INFLIGHT!

! ! UPDATE !

!TLM !NAV ONORBIT !

! !RENDEZVOUS - !

!User Parameter !SHUTTLE RESET!

!Processing, TLM ! !

! ! !

!TLM !NAV ONORBIT !

! !RENDEZVOUS - !

! ! !

!TLM !NAV ONORBIT !

! !RENDEZVOUS - !

! ! !

!TTARLOS !Startracker SOP !Sensor Data!

! ! !Snap

!T TV ! !

! ! !

! ! !

! ! !

! !

! ! !

!TLM, Onorbit/ !ONORBIT REND !

!Rendezvous Naviga-!R V STATE -!

!tion Sequencer !PROP, !

! !ONORBIT REND !

! !AUTO INFLIGHT!

! ! UPDATE !
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!
!
! Variable
! Name
!

! ! !

!Principal Function! Local !Principal Function!
! Source !Destination! Destination
! ! ! !

!

Local !
' Source !

!
! ! ! !
IT TV GND !Uplink Processor !ONORBIT !
! ! !RENDAUtO !
! ! !INFLIGHT- !
! ! !UPDATE !
! ! ! !
!T TV STATE ! ! !TLM
!UPDATE ! ! !
! ! ! !

!UNMOD ACC BIAS!Onorbit/RendezvouslACCEL !TLM

!- - - !Navigation !ONORB_T, !

! !Sequencer !REND BIAS !
! ! !AND COV - !

! ! !PROP - !

! ! ! !

! ! ! !

!USE_IMU_DATA !Onorbit/RendezvouslNAV ONORBIT!TLM, User Para-

! !Navigation ! RENDEZVOUS!meter Processor

! !Sequencer ! !
! ! ! !

!VAR UNMOD ACC !Onorbit/RendezvouslREND BIAS !

I- - - !Navigation !AND COV - !

! !Sequencer !PROP - !

! ! ! !

IV CAL !Startracker SOP !Sensor Data!

! ! !Snap !

! ! ! !

!V CURRENT ! ! !TLM

! F ILT ! ! !

! ! ! !

!VENT SS ! ! !TLM

l ! l l

l ! l l

l l ! !

l ! l l

l ! ! l

l ! l !

l ! l l

l ! l l

! ! l l

! ! l l

! l

! !

! l

! l

! !

! l

!ONORBIT REND l
!AUTO INFLIGHT!

l UPDATE l

,RENDBIASAND!
!_COV_PROP_ '

!U A BIAS AND !

!COVINIT, !
!REND NAV l

!FILTER - !

l l

IONORBIT REND l

!R V STATE -!

!PROP !

! !

l l

l !
l !

! !

! !
! !

! !

!NAV ONORBIT !
!RENDEZVOUS - I

! !

!ACCEL ONORBIT!

! !

! !

! !

! !

! !

! !
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Variable
Name

! ! ! ! !
! ! ! ! !
!Principal Function! Local !Principal Function! Local !
! Source !Destination! Destination ! Source !
! ! ! ! !

!

!V FILT

!

!

!

!

! ! ! ! !

!Onorbit/Rendezvous!ONORBIT !Onorbit/RendezvousIONORBIT REND !

!Navigation !REND R V !Navigation !R V STATE -!

!Sequencer !STATE PROP !Sequencer !PROP, !

! ! ! !ONORBIT REND !

! ! ! !AUTO INFLIGHT!

! ! ! !_UPDATE, !

! ! !

! !

! !

! !

! _ !

! ! !

! _ !

!V FORCE !Uplink Processor !ACCEL

! ! !ONORBIT

! ! !

!V GND !Uplink Processor !ONORBIT
!- - ! !REND AUTO

! ! !INFL_GHT -

! ! !UPDATE

! ! !

!V _IMU_CURRENT!IMU Redundancy !IMU Data

! !Management !Snap

!V IMU RESET ! !

! ! !

! ! !

!V LAST !Onorbit/Rendezvous!REND BIAS

! !Navigation !AND COV

! !Sequencer !PROP, -

! ! !REND NAV

! ! !INTERP -

! ! !

!V LAST FILT !Onorbit/Rendezvous!ONORBIT

! !Navigation !REND R

! !REL NAV !

! !DISPLAY- !

! !UPDATES, !

! !REND NAV !

! !FILTER, !

! !SUPER G !

!TLM !none !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

!User Parameter !SHUTTLE RESET!

!Processing, TLM ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! !! !Sequencer

!

!VMP !

! !

! !

!

!STATE PROP !

!Onorbit Predictor !ONORBIT REND !

! !AUTO INFLIGHT!

! ! UPDATE !
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! !

! Variable
! Name
!
!

! ! ! !
!Principal Function! Local !Principal Function!
! Source !Destination! Destination !
! ! ! !

!

Local !

Source !

!

!V NAV !Startracker SOP !Sensor Data!

! - ! !Snap !

! ! ! !

!V PRED FINAL !Onorbit Predictor !ONORBIT !TLM

!-- - , !RENDAUtO !
! ! !INFLiGHT- !

! ! !UPDATE !

! ! ! !

! !

i l

! !

! none !

! !

! !

!V PRED INIT

!

!

!

!V RESET

!

!

!V TV

!
!

!
!

!

!

!
!

!
!

!
!V TV GND

!

!

!

!

IV TV LAST

!

!

!

!

!

!V TV RESET

!

!

! !

! !

! !
! !

! !

!TLM, Onorbit !ONORBIT REND !
!Predictor !AUTO INFLIGHT!

! !_UPDATE !

! ! !

!TLM, User Para- .'SHUTTLE_RESET!

!meter Processing ! !

! ! !

!Onorbit/Rendezvous!ONORBIT !Onorbit/Rendezvous!ONORBITREND_!

!Navigation !REND R V !Navigation !R_V_STATE_ !

!Sequencer !STATE PROP !Sequencer, TLM !PROP, !

! ! - ! !ONORBIT REND !
! ! ! !AUTO INFLIGHT !

! ! ! ! UPDATE, !

! ! ! !REL NAV !

! l ! !DISPLAY-_ !

! ! ! !UPDATES, !

! ! ! !REND NAV_ !

! ! ! !FILTER !

! ! ! ! !

!Uplink Processor !ONORBIT l ! l
! !REND A_O ! ! l

! !INFLI GHT ! ! !

! !UPDATE l ! !

! ! ! ! !

!Onorbit/Rendezvous!REND BIAS ! ! l

!Navigation !AND COV - ! ! !
- ! , t!Sequencer !PROP, • "

! !REND NAV ! ! !

! !INTERP ! ! !

! ! ! ! l

! ! !TLM, User Para- !TARGET_RESET !

! ! lmeter Processing ! !

! l ! ! !
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4.2. I Navigation Control (NAV_ONORBIT_RENDEZVOUS)

The navigation control subfunction is responsible for providing the executive
logic for the proper execution of the Onorbit/Rendezvous navigation principal
function. This subfunction shall perform the following tasks.

- Snap IMU data and, when in rendezvous phase, snap rendezvous sensor data

Provide for the propagation of the position and velocity vectors for the
Orbiter and, when in rendezvous phase, propagate the target position and
velocity vectors also

- Provide for possible automatic inflight updates of either the Orbiter or
target position and velocity vectors

Whenin rendezvous phase, the navigation control subfunction will provide
the capability to respond to crew requests, via the REL_NAVdisplay, to
reinitialize the covariance matrix or to do state vector transfers be-
tween the Orbiter position and velocity vectors and the target position
and velocity vectors

Whenin rendezvous phase, this subfunction shall perform the scheduling of
the asynchronous covariance propagation and will invoke the Rendezvous
Bias and Covariance propagation subfunction whenscheduled

Whenin rendezvous phase, the navigation control subfunction will provide
for the proper processing of the rendezvous sensor data. If the IMU
sensed acceleration magnitude falls below a design dependent threshold,
then the sensor data will be processed

Finally, the navigation control subfunction shall invoke the Shuttle
reset subfunction to store the updated Shuttle position and velocity
vectors for the Une_-Pat-'meter Proces_g principa?_ function• When_n
rendezvous phase, the target reset subfunction is called to store the tar-
get position and velocity vectors.

A. Detailed Requirements. This subfunction shall perform the following steps

in the order indicated.

• If the rendezvous navigation phase is active (REND_NAV_FLAG = ON) then

the following tasks will be performed.

a. Snap the IMU accumulated velocity count, time tag, and mean of 50

body quaternion as described in section 4.2.2.1.

b.

SNAP(V _CURRENT_FILT,TCURRENT_FILT, Q_M5OBODYIMU)

Snap the sensor measurement data as described in section 4.2.2.2.

For the rendezvous radar this includes the shaft, t_unnion, range

and range rate measurements; the _-ange, ran_'e rate and angle data va-

lidity flags; the mean of 50 to body additude quaternion at the time
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of the snap; the time tag for the measurements; and finally a self-

test indicator.

SNAP REND RADAR (Q RR SHFT, Q RR TRUN, Q RR RNG,

Q RR RNG_DOT, RNG DATA_GOOD,

RDOT DATA GOOD, RR ANGLE DATA GOOD,

Q_M5OBODY_RR, T_REND_RADAR, SELF TEST_FLAG)

For startracker, snap the horizontal and vertical measurements;

angle data validity flag; the mean of 50 to startracker transforma-

tion matrix; the time tag for the startracker measurements, and the

target tracking mode indicator.

SNAP STAR TRACKER (Q ST HORIZ, Q ST VERT,

ST DATA GOOD, M M50 TO ST, T STAR TRACKER,

TRG TRK MODE) - - -

For COAS, snap the horizontal and vertical angle measurements, the

data validity indicator, mean of 50 to body transformation matrix at

the time of COAS data snap, the COAS identification, and the COAS

time tag.

SNAP COAS (Q COAS HORIZ, Q COAS VERT,

COAS DATA GOOD, M-M50 TO BODY COAS,

 AS-ID, COASt-

Convert the mean of _0 to body quaternion from the IMU into a mean

of 50 to body transr,_rmation matrix by calling the quaternion to

matrix function described in section 4.10.8.

M BODYM50 : (QUAT TO MAT(Q M50BODY IMU)) T

Subtract any knowr_

sensor.

_e b_as from the measurement time for each

T REND RADAR : T REND RADAR - T BIAS REND RADAR

T-STAR-TRACKER =-T STAR TRACKER_T BIAS ST-

T-COAS-: T COAS-T BIAS COAS - -

Invoke the or]orbit r_mdezvous state propagation function described

in section 4.2.3 to propagate the position and velocity vectors to

current t_me.

CALL: ONORBIT _END R V STATE PROP

f. Increment the covari_nce matrix propagation counter.

I CYCLE = I CYI_i,E+I

g. Then execute the cc',_iance propagation setup code,

EXECUTE: COV _ROP SETUP CODE,
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which consists of the following task:

If IMU sensed delta velocity was used by the state propagation

subfunction on the present navigation cycle (USE IMU DATA = ON) then

accumulate the delta velocity into the total delta velocity for the

covariance propagation interval and set the covariance powered

flight indicator to ON.

DV COV = DV COV+DV FILT

COV PWRD FLT : ON

If the contact acceleration (CONT ACC) for the Shuttle is greater

than a design dependent threshold for measurement processing (CONT

ACC > MEAS THRESHOLD) then a flag is set to indicate that measure-

ments will not be processed on the current covariance propagation

subcycle.

NOISY NAV MEAS : ON

If the covariance man,fix propagation cycle counter _s greater than

or equal to the cova_!ance propagation subcycle count (I_CYCLE > N

CYCLE) then perform the following tasks:

(I) Zero the cycle counter

I CYCLE = 0

(2) Call the rendezvous bias and covariance matrix propagation

subfunction described in section 4.2.4.

CALL: REND BIAS AND COV PROP

This subfunctio_ propagates the covariance matrix and propa-

gates the ECRV bias statistics and sets a flag (NAVMEAS) which

determines whether sensor measurements will be incorporated

into the state vector on the current covariance propagation

cycle.

Call the onorbit rendezvous auto inflight updates subfunction to per-

form any required ground updates to the Shuttle or target state

vectors as described in section 4.2.5.1.

CALL: ONORBIT REND AUTO INFLIGHT UPDATE

Call the REL NAV disp!ay updates subfunction to perform any required

updates to _ne state vectors or to the covariance matrix as selected

by the crew as descr i>ed in section 4.2.5.2.

CALL: REL NAV -ISPLAY UPDATES
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If the unmodeled acceleration b_as and covariance propagation sub-

function has set NAV MEAS = ON, i.e., NOISY NAV MEAS = OFF and we

are on a covariance propagation cycle, the measurements sha]l be

processed on this cycle by performing the following tasks.

(I) Call the sensor measurement selection subfunct_on to select a

measurement set for processing as described in section 4.2.6.

(2)

CALL: REND SENSOR SELECT

Call the sensor measurement initialization subfunction to

_nitialize filter statistics and sensor bias states for newly

selected measurement types as described in section 4.2.7.

(3)

CALL: REND NAV SENSOR INIT

Call the rendezvous radar range and range rate measurement

subfunction as described _n section 4.2.8.1.

CALL: RRDOT NAV

This subfunct_on incorporates the rendezvous radar range and

range rate meas_,_ements using the Kalman filter update

equations. Inc,'ement the mark counter for downlist.

(4)

RRDOT MARK NUM : RRDOT MARK NUM+I

If rendezvous r_dar angles have been selected for processing

(DO RR ANGLES NAV = ON) then call the rendezvous radar angles

measurement subrunction described in section 4.2.8.2.

CALL: P_ ANGLE NAV

This subfunctJon incorporates the rendezvous radar shaft and

trunnion measurements using the Kalman update.

Increment the mark coumter for this measurement

RR ANGLE MARK NUM : RR ANGLE MARK NUM+I

Otherwise (DO RR ANGLES NAV : OFF), if startracker angles have

been selected (DO ST ANGLES NAY = ON) then call the startracker

angles measurement subfunction described in section 4.2.8.3.

CALL: STAR TRACKER NAV

This subrunction incorporates the horizontal and vertical

startracker mea.'_u-ements by us!ng the Kalman filter update

equations.
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Increment the ,:_k co,inter for this measurement

ST MARK _UM = ST MARK NUM+I

Otherwise (DO RR ANGLES_NAV = OFF and DO ST ANGLES NAV = OFF),

call the COAS angles measurement subfunction describe9 in sec-

tion 4.2.8.4.

CALL: COAS NAV

This subfunction incorporates the horizontal and vertical COAS

measurements using the Kalman update equations.

Increment the mark counter for this measurement

(5)

COAS MARK NUM = COAS MARK NUM+I

Call measurement processing statistics to calculate display

parameters as described in section 4.2.9.

CALL: MEAS PROCESSING STATISTICS REND

(6) Set the measurement processing indicator to OFF

NAV MEAS : OFF

Io If the covariance matrix was propagated on this navigation cycle

(I CYCLE = 0) then call the covariance matrix parameters reset
subfunction.

CALL: COV LAST RESET

mo

no

Call the target state vector reset subfunction to reset the user

parameter processin_ state vector as described in section 4.1.2.2.2.

CALL: TARGET RESET

Call the Orbiter state vector reset subfunction to reset the user

parameter processing state vector as described in section 4.1.2.1.

CALL : S_!UTTLE RESET

If the rendezvous phase _s not active (REND NAV_FLAG = OFF) then the fol-

lowing steps shall be p_:formed.

a. Repeat step a under tem I, i.e., snap the IMU accumulated velocity

count, time tag and m_an of '50 to body quaternion.

SNAP (V cURRENT_ FILT, T_ CURRENT_FILT,

BOP\ IMU)
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b. Repeat step c under Item I, i.e., convert the mean of '50 to

body quatern_on into a mean of '50 to body transformation matrix.

M_BODYM50 = (QUAT TO MAT (Q_M50BODY_IMU)) T

Co Invoke the onorbit rendezvous state propagation subfunction (see

section 4.2.3) to propagate the Orbiter position and velocity
vectors to current time.

CALL: ONORBIT REND R V STATE PROP

do Repeat step i under Item I, i.e., call the onorbit rendezvous auto

inflight updates to perform any required ground updates to the

Shuttle or target position and velocity vectors.

CALL: ONORBIT REND AUTO INFLIGHT UPDATE

eo Repeat step n under Item I, i.e., call the Orbiter State Vector

Reset subfunction to reset the user parameter processing Orbiter
state vector as described in section 4.1.2.1.

CALL : SHUTTLE RESET

Interface Requirements. The inputs and outputs for this subfunction are

listed in table 4.2.1.

Processing Requirements. Th_s subfunction is called by ONORBIT_REND_NAV

SEQUENCER (section 4.1.1).

Constraints. None

Su__u_lementa__ Information. During OPS 8 rendezvous navigation cannot be

active, hence it is not necessary to implement the REND NAV FLAG = ON branch
p

of the logic for the OPS 8 computer load.

A suggested implementation of this subfunction can be found in Appendix B.

NAV ONORBIT RENDEZVOUS

COV PROP SETUP CODE
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Variable Name

! !

! Input Source !
!

Output Destination

D

!

!COAS DATA GOOD

!

!COAS ID
!

!COAS MARK NUM

!CONT ACC
p

!

!COV PWRD FLT

!

!DO RR ANGLES NAV

!

!DO ST ANGLES NAV

!
!DV COV

!
!

!DV FILT

!

!

!I CYCLE

!

!M_BODYM50
!

!M  S_  ESHOLD
!

!M M50 TO BODY COAS

!

!M M50 TO ST
!

!NAV MEAS

!

!N CYCLE
m

!

!NOISY NAV MEAS

!

!

!

!Sensor Data Snap
!

!Sensor Data Snap
!

!**

!

!ONORBIT REND R V STATE

!PROP

!

!

!

!REND SENSOR SELECT

!

!REND SENSOR SELECT

!i,COV_LAST_RESET
!
!

!ONORBIT REND R V STATE

!PROP

!

!*,REND_COV_ INIT
!

!

!
!**

!Se_<or Data Snap

!

!Sensor Data Snap
!

! !

!COAS NAV,* !

! !

!COAS_NAV,* !
! !

!* !

! !

! !

! !

! !

!REND BIAS AND COY PROP !

! !

! !
! !

! !

! f

IREND BIAS AND COV PROP, !

!*,REND_NAVINTERP !
! !
! !

!

!

!*

!

!ACCEL ONORBIT

!

!

!

!*,COAS NAV
!

!*,STAR TRACKER NAV
!

!**,RENDBIAS ANDCOVPROP !*
!

!*

!**

!

!

!

!

!

!

!

!

!

!REND BIAS AND COV PROP

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!
!

!
!

!

!

!

!

!

!

!

!

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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Variable Name

I

IQ COAS HORIZ

 Q_COAS_VERT
!9 _M5OBODY IMU

!Q _M5OBODY_RR

IQ RR RNG

IQ RR RNG DOT

!Q RR SHFT

!Q RR TRUN

IQ ST HORIZ

IQ ST VERT

! t

!

!RDOT DATA GOOD

tREND-NAY LAG
!RNG DATA GOOD

!RR ANGLE- DATA GOOD

!RR ANGLE MARK NUM

Input Source Output Destination

!

!Sensor Data Snap

!Sensor Data Snap

!IMU Data Snap

!Sensor Data Snap

!Sensor Data Snap

!Sensor Data Snap

!Sensor Data Snap

!Sensor Data Snap

!Sensor Data Snap

!Sensor Data Snap

!QUAT TO MAT

!

!Sensor Data Snap
!*

I

!COAS_NAV,*

!COAS NAV,*

!QUAT TO MAT,*

!RR ANGLE NAV,*

IRRDOT NAV, *

IRRDOT NAV,*

IRR ANGLE NAV,*

!RR-ANGLE-NAV,*

!STAR_TRACKER_NAV,*

!STAR TRACKER NAV,*

!

!

!RRDOT NAV,*

!

IRRDOT MARK NUM

I

ISELF TEST FLAG

!

I

!ST DATA GOOD

!ST-MARK-NUM
!

!T BIAS COAS

IT-BIAS-REND RADAR

!T-BIAS-ST -

IT COAS

IT CURRENT FILT

!Sensor Data Snap

!Sensor Data Snap
!**

!**

!

!Sensor Data Snap

!

!

!Sensor Data Snap

!**

!

!**

!**

!**

!Sensor Data Snap

!IMU Data Snap

!

!

!

!

!

!

!

!

!

!

I

!RRDOT NAV,*

!RR_ANGLE_NAV,*

!*

I*

I

!RRDOT NAV,

!RR_A_LE_NAV,*
!

!STAR TRACKER NAV,*

!*

!

!

!

!

!COAS NAV,*

!*,ONORBIT_REND R V STATE

I_PROP,ONORBIT SV INTERP,

!SUPER_G, REND BIAS AND

!COV_PROP, RRDOT_NAV, -

!RR ANGLE NAV,

!STAR TRACKER_NAV,

ICOAS_NAV, ONORBIT_REND_

IAUTO_INFLIGHT_UPDATE,

IREND_COVINIT , COV_LAST
IRESET

!

!

*Onorbit/Rendezvous principal function, see section 4.2

• " 4.7
*Inztialization parameters, see sectlon
Value returned from the function
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TABLE 4.2.1.- Concluded

! ! !

! Variable Name ! Input Source !

! ! !
! ! !

Output Destination

!T REND RADAR

!
!TRG TRK MODE
!T STAR TRACKER

!
!USE IMU DATA
! - .)PROP

!

!V _CURRENT_FILT !IMU Data Snap
! !

, !

! !

! !

! !

! !

! !

! !

! !
! !

! i

! !

! !

! !

! !

! !

! !

! !
! !

: !

! !

! !

! !

! !
! !

! !

! !
! !

! !

! !

! !

! !

! !

!Sensor Data Snap !RRDOT NAV,
! !RR ANGLE NAV,*

!Sensor Data Snap !STAR TRACKER NAV,*
!Sensor Data Snap !STAR_TRACKER_NAV,*

! !

!*,ONORBIT REND R V STATE !
-!

!

!
!
!
!
!
!

! !
IONORBIT REND R V STATE !

!PROP ,* !

I !

! !

! !

! !

! !

! !

! !

! !
! !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! !

! !

! !

! !
! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, se_ section 4.7
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1.2.2 Navi_tion Data Snap

The Onorbit/Rendezvous navigation principa] function shall accomplish the

task of snapping nav_gation data to obtain Orbiter IMU-sensed accumulated

velocities, the current attitude quaternion, and sensor data from the rendezvous

radar, the star tracker, and the crew optical alinement sight (COAS). The

total accumulated sensed velocity is required to account for nongravit_onal

accelerations during integration of Orbiter equations of motion. The sensor

data are collected and stored for use in navigation processing during the

rendezvous navigation phase.

4.2.2.1 IMU and Attitude Data Snap

The IMU and attitude data snap task will provide the capability to obtain

Orbiter IMU-sensed accumulated velocities (expressed in M50 coordinates) and the

current att_tude quaternion, along with their associated GMT time tag. These

data will be obtained through IMU RM/SOP and stored for use in the navigation

and user parameter propagation subfunctions.

A, Detailed Requirements. Data from at least one good IMU are required as

indicated in the following example:

SNAP (V _IMU_SNAP, T IMU)

where V _IMU_SNAP and T IMU are respective copies of IMU-sensed accumulated

velocities and their associated time tag in the user parameter state propaga-

tion.

If a consistent set of IMU and attitude data are required, this is indicated

by the following second example:

SNAP (V CU_RENT _ LLT, T CURRENT FILT, 0 M50BODY IMU)

where V _CURRENT FILT and T_CURRENT_FILT are respective copies of IMU-sensed

accumulated velocities, their associated time tag, and mean of 50 to body

quaternion in the navigation control subfunction.

B. Interface Requirements. The parameter crossreference table between IMU

RM/SOP names and their copies of Onorbit/Rendezvous navigation variables is
shown in table 4.2.2.1.

Co Processin_ Requirements. T_',"data from IMU RM/SOP (time tag, accumulated

velocities, and attitude quat÷'rnions) must be made available for the collec-

tion and storage process. The collection rate is indicated by the onorb_t/

rendezvous navigation sequep_er. However, this rate assumes that the avail-

able data are fresh. Th_s implies that SOP's processing must be at a rate

equal to or greater than the collection rate. This data snap is called by

NAV ONORBsI' RENDEZVOUS

ONORBIT RE_D USER PARAM STATE PROP

OPS 2 OR 8 I-NITIALIZE - -

(section 4.2.1)

(section 4.5.1)

(section 4.1.2)
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Constraints. The data collections should occur after a complete current set

is available and just prior to use in navigation in order to supply current
data.

Supplementary Information. The snap statement above implies the assignment

of current IMU RM/SOP values to the variable names shown in parentheses.

The suggested implementation of this subfunction is not described in this

document because the discussion involves the processor level interface de-

sign concept, which is beyond the scope of this document. However, extreme

care must be exercised to provide sequentially time homogeneous data set
to the appropriate subfunctions.
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TABLE 4.2.2.1.- PARAMETER CROSS REFERENCE TABLE BETWEEN IMU RM/SOP,

ONORBIT/REND NAVIGATION VARIABLES, AND USER
PARAMETER PROCESSING VARIABLES

IMU RM & IMU SOP

! ! USER PARAMETER

! ONORBIT/REND NAV ! PROCESSING

T IMUS GA

V IMU CURRENT
h --

Q BOD M50

! T CURRENT FILT !

! V CURRENT FILT !

! Q M5OBODY IMU !

! !

T IMU

V IMU SNAP
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4.2.2.2 RendezvousSensor Data Snap

During the rendezvous navigation phase, this subfunctlon collects and stores
sensor data from the rendezvous radar, the star tracker, and the crew optical
alinement sight (COAS).

The purpose of the rendezvous sensor data snap is to properly save the data sets
used in navigation processing for use in the appropriate rendezvous sensor navi-
gation subfunction (section 4.2.8) whereas the actual data may continue to
be refreshed by hardware sensor reading and sensor SOPprocessing.

A.

Detailed Requirements.- During the rendezvous navigation phase, data from

the external sensors, together with the corresponding data good flags,

associated time tags, and the appropriate attitude information valid at

those times shall be obtained. A premission-loaded time bias shall then be

subtracted from the time tag for each sensor. The equations are:

I. For the rendezvous radar:

SNAP REND RADAR (Q RR SHFT, Q RR TRUN, Q RR RNG, Q RR RNG DOT,

RNG DATA_GOOD, RDOT DATA GOOD, RR ANGLE DATA GOOD, Q M50BODY_RR,

T R_D_.RADAR, SELF_TEST_FLAG) ......

where Q RR SHFT is the shaft angle measurement

Q RR TRUN is the trunnion angle measurement

RR_ANGLE_DATA_GOOD is the validity flag of the above measurements

Q_RR_RNG is the radar range measurement

RNG_DATA_GOOD is _"e respective data good flag

Q RR RNG_DOT is th_ radar range rate reading

RDOT DATA_GOOD is the respective validity indicator

T_REND_RADAR is the time at which these measurements are

considered to have been effected

Q_M5OBODY_RR is the gimbal angle quaternion array

SELF_ TEST_ FLAG is the flag indicating whether the rendezvous radar

is operating in the self-test mode

r REND RADAR = T REND RADAR - T BIAS REND RADAR

2. For the star tracker,

SNAP STAR TRACKER (0 ST HORIZ, 0 ST VERT, ST_DATA_GOOD,

M M50 TO ST, T STAR_TRACKER, TRG TRK_MODE)
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where :

Q ST HORIZ is the horizontal angle measurement

Q ST VERT is the vertica] angle measurement

ST_DATA_GOOD is the data good flag relative to these angle
measurements

M_M50_TO ST is the M50-to-star tracker sensor coordinate system
rotation matrix at the time T STAR TRACKER

T_STAR_TRACKER is the tlme tag

TRG_TRK MODE Is the flag indicating whether the star tracker

is in the target tracking mode

T STAR TRACKER : T STAR TRACKER - T BIAS ST

3. For the COAS,

SNAP COAS (Q_COASHORIZ, Q_COAS_VERT, COAS_DATA_GOOD,

M_M50 TO BODY COAS, COAS_ID, T_COAS)

where:

Q COAS_HORIZ _s the horizontal angle measurement

Q_COAS_VERT is the vertical angle measurement

COAS_DATA_GOOD _s the data good flag relative to these angle
measurement_

COAS ID fs the C['_; select _ndicator

T COAS is the time of the measurement

M M50 TO BODY COAS is the M50-to-COAS sensor coordinate system

transformation matrix at the time T COAS

T COAS = T COAS - T BIAS COAS

Interface Requireme_ts.- The parameter name cross reference between ren-

dezvous radar SOP and Oporhit/Rendezvous Navigation variables is shown in

table 4.2.2.2-I. The cross reference table between star tracker SOP and

Onorbit/Rendezvous Navigation variables is given in table 4.2.2.2-2.

Processing. Requ_reme.nts.- The data from the sensors (measurements, ID's,

validity flags, rot,_t_on matrices, and time tags) must be made available for

the co]lection and _torage i_ocess. The collection rate (not necessarily

sensor interrogat_,,_rs) is _n_cated by the Onorblt/Rendezvous Navigation

Sequencer. However, th_s ,_ate assumes that the available data are fresh.
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This implies that SOP's processing must be at a rate equal to or greater

than the collection rate. This data is called by NAV ONORBIT RENDEZVOUS

(section 4.2.1).

Constraints.- The _ata collections should occur after a complete current

set is available and just prior to use in navigation in order to supply cur-
rent data.

Supplementary Information.- The snap statement above implies the assignment

of current SOP values to the variable names shown in parentheses. The

suggested implementation of this subfunction is not described in this docu-

ment because the discussion involves the processor level interface design

concept which is beyond the scope of this document. However, extreme

care must be exercised to provide sequentially time homogeneous data sets

to the appropriate subfunctions.
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RRSOP ONORBIT/RENDNAV

RRROLLO Q RRSHFT

RR PITCHO

RRRANGEO

RR RNGRO

RRRNGDG

RR RNGRDG

RRANGDG

Q M5OBODYRR
m

RR TIM

RR SELF TEST

Q RR TRUN

Q RR RNG

Q RR RNG DOT

RNG DATA GOOD

RDOT DATA GOOD
-- m.

RR ANGLE DATA GOOD

Q M5OBODY RR

T REND RADAR

SELF TEST FLAG
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TABI,E 4.2.2.2-2.- PARAMETER NAME cross REFERENCE TABLE BETWEEN
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STAR TRCK SOP ONORBIT/REND NAV

H NAV Q ST HORIZ

V NAV Q ST VERT

DATA GOOD ST DATA GOOD

T M50 ST M M50 TO ST

TIME T STAR TRACKER

NAV TARGET TRG TRK MODE

H CAL Q COAS HORIZ

V CAL Q COAS VERT

NAV SIGHT COAS DATA GOOD

T M50 BODY M M50 TO BODY COAS

AXN COAS ID

T TARLOS T COAS
n
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4.2.3 Position and Vel ,c__ty_State__Propagat'ion(ONORBIT_REND_RV_STATE_PROP)

The position and velocity state propagation subfunction is contained within the
Onorbit/Rendezvous Navigation principal function and is used to perform a number
of tasks related to the propagation of the Orbiter and target vehicle state
vectors. The subfunction will be employed to propagate the Orbiter and target
vehicle state vectors from the time of the previous navigation cycle to the cur-
rent navigation cycle time.

Prior to state vector propagation, the task of snapping IMU and attitude data
shall be performed to obtain the current time (T_CURRENT_FILT),accumulated IMU
sensed velocity (V _CURRENT_FILT), and an attitude quaternion (Q_M5OBODY_IMU).

For detailed requirements of these data snaps, see IMU and Attitude Data Snap,
section 4.2.2.1.

During vehicle state propagation, various acceleration models are available for

use in the determination of perturbing acceleration values and include gravitat-

ional accelerations (always used) and nongravitational accelerations (drag, and

a limited venting and uncoupled RCS thrusting model). The nongravitational ac-

celeration models shall be used only when the vehicle sensed acceleration (DV

FILT), obtained from the IMU accumulated sensed velocity (V CURRENT FILT), is

judged to be insignificant; that is, below a predetermined-value (DA THRESHOLD).

A detailed description of the acceleration models may be found in section

4.2.3.1.4. State vector propagation will employ one of two schemes for integra-

tion of the equations of motion depending on whether the vehicle is in a powered

flight or coasting flight mode. During a powered flight mode (i.e., those

phases in which significant non-gravitational accelerations are sensed) the

super-G algorithm (see section 4.2.3.2) will be used for integration. When the

vehicle is in a coasting flight phase, state propagation will employ a more pre-

cise integration technique, which is a fourth-order Runge-Kutta numerical inte-

gration modified with Gill's coefficients (see section 4.2.3.1). The position

and velocity state propagation trunk logic (ONORBIT REND R V STATE PROP) will

direct logical flow during vehLcle state propagation into one of the integration

techniques mentioned according to the vehicle flight mode (i.e., powered or
coasting).

A. Detailed Requirements.- The computations that shall be performed for propa-

gation of the position and velocity vectors are initiated by a call to the

Onorbit/Rendezvous position and velocity state propagation subfunction

(ONORBIT_REND R V STATE_PROP) in the following form:

CALL: ONORBIT REND R V STATE PROP
-- b

The following will be performed in the order indicated.

I. The acceleration model flags shall be set up for Orbiter coasting flight

propagation:

IGD : GM DEG

IGO = GM-ORD

IDRAG = I

IVENT = I
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Next the change in velocity (DV FILT) and the corresponding time inter-

val (DT_FILT) used in the advancement of both Orbiter and target state

vectors shall be calculated by subtraction of the previous cycle values

(V LAST_FILT and T_LAST_FILT) from the current IMU snapped values.

DV FILT = V CURRENT FILT - V LAST FILT

DT-FILT = T CURRENT FILT- T LAST FILT

An acceleration averaged over the desired interval is next determined

by:

CONT_ACC : IDV FILTI / DT FILT

Next, the flag that indicates the choice of integration method to be used

for the Orbiter state vector propagation, PWRD FLT NAV, shall be tested.

! PWRD_FILTNAV
!

The flag, PWRD FLT_NAV, _s set by the Onorbit/Rendezvous Navigation

Sequencer principal function or by the crew via the REL NAV display.

ao If the PWRD_FLT NAV flag is found to be ON, state vector propagation

will be for the Orbiter vehicle in powered flight mode and the

Super-G integrator will be invoked. First, however, a determination

of acceleration models to be used will be made as follows:

(i) The value of CONT ACC will be compared with the threshold

value:

! CONTA',;C > DA_THRESHOLD
!

Then, if the calculated acceleration is larger than the thresh-

old value, set the following flags:

USE IMU DATA = ON

IGD-= GM DEe LOW

IGO : GM-ORD-LOW

IDRAG = O -

IVENT = 0

On the other hand, if the calculated absolute value of the ac-

celeration is less than or equal to the threshold level, set

and

USE IMU DATA : OFF
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DV FILT = O.

(2) Initiation of the powered flight integrator, Super-G, will be

performed by:

CALL: SUPER G

Do In the situation where the PWRD FLT NAV is found to be OFF, the pre-

cision propagation integration scheme shall be called. The se-

quence, in this case, is as follows:

(1) Because the precision propagator is a coasting flight

integrator, the sensed accelerations are not needed by it.
Therefore, set

DV FILT : O.

(2) Invoke the precision propagator with calling arguments that

will cause the modeling of drag, and venting and uncoupled

thrusting accelerations, with the use of current attitude In-

formation (for the Orbiter):

CALL: ONORBIT PRECISE PROP

IN LIST: GM DEG, GM_ORD, DFL, VFLOV, ATFL OV, R FILT,

_FILT, T_ LAST_FILT, T_CURRENT_FILT

OUT LIST: R FILT, V FILT, G NEW

At the end of step 4a(2) or 4b(2), the values of R _FILT and

_FILT output by the corresponding integrator are the

required propagated position and velocity vectors of the

Orbiter during a powered or coasting flight mode. The vector

G NEW is a ,: :leled total acceleration vector obtained accord-

ing to the specified flag settings and corresponding to

FILT, V FILT and T CURRENT FILT.

Once the Orbiter state vector has been propagated, the REND NAV FLAG

will be tested to determine if propagation of the target vehicle state

is required.

iREND_ NAVFLAG>

ao If the REND NAV FLAG is ON, the target vehicle state vector will be

propagated to time T CURRENT FILT from time T LAST FILT using the

precision integration technique.
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CALL: ONORBITPRECISEPROP

IN LIST: GM_DEG,GM_ORD,DFL, VFL_TV,ATFL_TV,
R _TV, V _TV, T_LAST_FILT,T_CURRENT_FILT

OUTLIST: R _TV, V _TV, G _TV

The out list variables represent the required advanced target vehicle
state vector and total target acceleration vector. Here R TV is
the target position vector, V TV the target velocity vector, and
G TV the corresponding acceTeration vector, all determined for the
time T CURRENTFILT.

b. Next the time T CURRENTFILT is saved as T TV.

T TV = T CURRENTFILT

. After satisfaction of the operations caused by the REND NAV FLAG value,

T LAST FILT and V LAST FILT will be updated to T CURRENT FILT and

V CURRENT FILT _n-preparation for the next cycle-through-ONORBIT_REND
V STATE PROP.

T LAST FILT : T CURRENT FILT

V- LAST FILT ---V CURRENT FILT

B. Interface Requirements.- Input and output parameters for the position and

velocity state propagation subfunction trunk logic are given in table 4.2.3.

Co Processing Requirements.- This subfunction shall be called by the Onorbit/

Rendezvous Navigation principal function (NAV_ONORBIT_RENDEZVOUS).

D. Constraints.- The following constraints apply:

I , The acceleration models task is needed not only by the navigation state

propagation subfunction, but also by the Onorbit Precision State Predic-

tion principal function and by the User Parameter state propagation

subfunction. Each user of acceleration models shall set its own flags

and therefore requires a different calculation. To protect against

interference in the acceleration computations, it is important that

these computations not be interrupted.

. The current Orbiter mass (CURR_ORB_MASS) shall be maintained for use by

the ACCEL function task by the Onorbit Guidance principal function, or
the Onorbit/Rendezvous Navigation Sequencer principal function.

E. Supplementary Information.- A suggested implementation of this subfunction

in the form of detailed flow diagrams may be found in Appendix B under the

fo 11 owing:

ONORBIT REdiD R V STATE PROP
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! !
! Variable Name !

!
Input Source

! !
! ATFLOV ! **
! !
! ATFLTV ! **
! !
! CONTACC !

! !
! DATHRESHOLD ! *

Output Destination

ONORBITPRECISEPROP !
!

ONORBITPRECISEPROP !
!

NAVONORBITRENDEZVOUS,!
* !

!
!

! !
! DFL ! **
! !
! DT FILT !
! !
! DVFILT !
! !
! !
! !
! GMDEG ! **
! GM-DEGLOW ! **
! GMORD ! **
! GM-ORDLOW ! **
! !
! G NEW ! ONORBITPRECISEPROP
! !

! G TV ! ONORBITPRECISEPROP
! !

! IDRAG !
! !
! !
! IGD !
! !
! !
! IGO !
! !

! IVENT !

!
ONORBITPRECISEPROP !

!
REND_COV_INIT,*,SUPER_G!

!
RENDCOVINIT, SUPER_G,!
NAVONORBITRENDEZVOUS,!
* !

!
ONORBITPRECISEPROP !

!
ONORBITPRECISEPROP !

!

RENDBIAS_AND_COV_PROP,!
* !

!
RENDBIAS ANDCOVPROP,!

. R END_NAV_INTERP, *- !
!

SUPER_G, REND_COV_INIT,]

• REND NAV INTERP,* I

!

SUPER_G,RENDCOV INIT, !
REND NAV INTERP,* I

!

SUPER_G,REND_COV_INIT, !

REND NAV INTERP,* !
!

SUPER G,RENDCOV INIT, !
REND NAV INTERP, _ !

*See Onorbit/Rendezvou_ Nav Sequencer P.F. I/O., Onorb_t/Rendezvous Na,_ P.F.
I/O

**Initialization parameters, see section 4.7
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Variable Name ! Input Source ! Output Destination !
! !

! !

I

! PWRD FLT NAV

!

! REND NAV FLAG

!

! R FILT

!

!

!

!
I

!

!

!

! R TV

!
!

!

!
!

!

!

! T CURRENT FILT

!

! T LAST FILT

!

!

!

! TTV

! USE IMU DATA

!

!

! V CURRENT FILT

!

! V FILT

!
!

!

!

!
!

!

! *

!

! *

!

! SUPER_G, ONORBIT
! PRECISE PROP, ONORBIT

! !

! !

! !

!

! ONORBIT_PRECISEPROP, !

! SUPER G, REND COV INIT,!

! REND AUTO INFLIGHT - ! COV_LASTRESET, REND

! UPDATE, REL NAV DISPLAY ! NAV FILTER, RENDNAV_

! UPDATES, REND_NAV_

! FILTER ,*
!

!

!

! ONORBIT REND AUTO

! INFLIGHT UPDATE, REL
! NAV DISPLAY UPDATES,-

! REND NAV FILTER,*,

! ONORBIT PRECISE PROP

!

!

!
! NAV ONORBIT RENDEZVOUS

!

! *

!

!

!

!

!

!

!

!

!

! INTERP, REL NAV_ !
! DISPLAY UPDATES, REND !

! BIAS AND COV_PROP,*, !
! SHUTTLE RESET !

m

! !

! ONORBITPRECISE_PROP, !

! COVLASTRESET, REND !
! COV INIT, TARGET_RESET ,!
! REND NAV FILTER, REND !

! BIAS AND COV PROP, REL !

! NAV_ISPLAY UPDATES, -!

! RENDNAV INTERP, * I
! I
! ONORBIT PRECISE PROP !

! !

! ONORBIT PRECISE PROP, !

! SUPER_G_* ,SHUTTLE_ !
! RESET !

! !

! * !

! NAV ONORBIT !

! RENDEZVOUS,* !

! !

! NAV ONORBIT RENDEZVOUS

!

! ONORBIT_PRECISE_PROP,

! SUPER G, REND NAV
! FILTER, ONORBIT R-END
! AUTO INFLIGHT UPDATEVREL! RESET, REND BIAS AND
! NAV-DISPLAY UPDATES,* ! -COV PROP, REND NAV -

! - - - ! FILTER, REND_NAV -

! ! INTERP, REL NAV

! ! DISPLAYUPDATES_*

! ! __

! !

! !

! ONORBIT_PRECISE_ PROP, !

! SUPER G, REND COV INIT,!
! COV LAST RESET, SHUTTLE!

!

!

!
!

!

!

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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! !

! Variable Name !

! !

Input Source

! !

! VFL OV ! **

! !

! VFL TV ! **
p

! !

! V LAST FILT ! *

Output Destination

ONORBIT PRECISE PROP

ONORBIT PRECISE PROP

SHUTTLE RESET

!v Tv ,ONORBITRENDAUTO
!-- ! INFLIGH__UP_TE,_EL_
! ! NAV DISPLAY UPDATES,

! ! REND NAV_FILTER,*,
! ! ONORBIT PRECISE PROP

! !

I !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

COV_LAST_RESET,

ONORBIT PRECISE_PROP,
REL NAV-DISPLAY

UPDATES_ REND COV INIT,

TARGET_RESET,-REND

NAY INTERP, REND NAV

FILTER,*

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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4.2.3.1 Precision Propagation (ONORBITPRECISEPROP)

This subfunction, which provides precision integration of the Orbiter or target
position/velocity state equations of motion during coasting flight, shall use a
fourth-order Runge-Kutta numerical integration technique, modified with Gill's
coefficients (see section 4.2.3.1.1), in conjunction with S. Pine's formulation
for the equations of motion (see section 4.2.3.1.2). Acceleration models shall
be available (see section 4.2.3.1.4) to generate accelerations due to vehicle
atmospheric drag, venting and uncoupled thrusting, and the variations in Earth

gravity caused by its non-spherical shape. Proper internal sequencing required

for the precision propagation calculations is the function of the precision prop-

agation subfunction.

A. Detailed Requirements.- The precision propagation subfunction will be

invoked by a call statement with the following form:

CALL: ONORBIT PRECISE PROP

IN LIST: GMD, GMO, DM, VM, ATM, R _IN, V _IN, T_IN, T_FIN

OUT LIST: R FIN, V FIN, G NEW

where the calling arguments are for the following:

GMD

GMO

DM

VM

ATM

R IN

V IN

T IN

T FIN

gravitational potential degree flag

gravitational potential order flag

drag model flag

vent and uncoupled thrusting model flag

attitude mode flag

input position vector in M50

input velocity vector in M50

input state vector time tag

time of 4esired propagated state vector

The output arguments will re:

R FIN

V FIN

G NEW

position vector in M50 corresponding to T_FIN

velocity vector in M50 corresponding to T FIN

gravitational acceleration vector in M50

corresponding to R FIN, V FIN and T FIN

Upon initiation of the precision propagation subfunction the following

calculations will be performed in the order indicated.

I , First the desired time T FIN will be compared with the input state

vector time tag, T_IN, to determine the direction of propagation
desired (forward or backward).

>! T_FIN > T IN
!
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a. If T_FIN is greater than TIN, propagation will be forward and the

step size (DT STEP) shall be set as:

DT STEP : PREC STEP PROP

b, If T_FIN is not greater than T_IN, propagation will be backward and

the step size (DT STEP) will be set as:

DT STEP : - PREC STEP PROP

The integrator time shall then be set to zero and the inftial state

vector shall be renamed for use in the Pines equations-of-motion
formulation:

T CUR : O.

XNI to 3 : _ _IN

XN4 to 6 = _ _IN

XN 7 = 0.

In the above equations, a seventh variable of integration (XN 7) is
initialized to zero as required by the Pines technique. This seventh

variable is the integrated initial tlme.

Next, the number of integration steps (N_STEPS) required for the input

integration interval shall be calculated:

T-FIN - T-IN
N STEPS : TRUNCATE + I
- DT_STEP

Actual integration of the Orbiter or target state equations (formulated

according to the Pines technique) shal now be performed dependent on

the value I of the following integration step number test:

ao

>! DO FOR

! I : I

! To N_STEPS

!

If I is less than or equal to N_STEPS a test is made to determine if

I equals N STEPS.

>I I : N_STEPS
I
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(i) If I is equal to N-STEPS, "the final integration step has

been reached and the integration step size (DT_STEP) shall
be adjusted as follows:

DT STEP : T FIN - T CUR - T IN

b. After satisfaction of the response dictated by the test of the inte-

gration step counter, the fourth-order Runge-Kutta-Gill precision in-

tegration technique shall be invoked by a call to the RK GILL

subfunction (see RK GILL section 4.2.3.1.1)

CALL : RK GILL

IN LIST: XN,DT_STEP,T_CUR,GMO,GMD,DM,VM,ATM,T_IN

OUT LIST: _XN,TCUR

,

where the call statement arguments are as defined earlier. Output

from this call to RK_GILL will be a state vector, XN, and

corresponding time tag T_CUR advanced by the amount DT STEP.

After the Runge-Kutta-Gill has been exercised for N STEPS, the Pines equa-

tions of motion will be called to calculate the final propagated posi-

tion and velocity vectors X and the derivatives of the initial condi-

tions (DERIV).

CALL : PINES METHOD
b

IN LIST: _XN,T_CUR,GMO,GMD,DM,VM,ATM,T_IN

OUT LIST: DERIV,X

6. The final propagated position and velocity vectors are renamed as:

R_FIN : X i to 3

V _FIN : X4 to 6

and a refreshed value of the total acceleration vector will be

calculated and named G NEW.

B.

_NEW : ACCEL ONORBIT (GMD,GMO,DM,VM,ATM,

_FIN,V _FIN,T_FIN)

Interface Requirements.- Input and output requirements for the precision

propagation subfunction are to be found in table 4.2.3.1.

Co Processin____q__uirements.- The precision integration subfunction shall be

called by the position and velocity state propagation subfunction (ONORBIT

REND R V STATE_PROP).
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Constraints.- The acceleration models task is needed not only by the posi-

tion and velocity state propagation subfunction, but also by the Onorbit

Precision State Prediction principal function and by the User Parameter

state propagation subfunction. Each call to the acceleration models func-

tion shall be made with desired flag settings for the various models, It is

important to protect against interference in the acceleration models computa-

tions and to see that they are not interrupted.

Supplementary Information.- A suggested implementatlon of the Onorbit Preci-

sion Propagation subroutine, in the form of detailed flow diagrams may be

found in Appendix B under the following:

ONORBIT PRECISE PROP
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Internal
Name

! !
Inlist/Outlist ! !

! External ! Input Source !
! Name ! !

! ! ! !
! ATFLOV ! ONORBITRENDR V !
!
!
! DFL
!
!
! GMDEG
!
!
! GMORD
!
!
! R FILT

D

!

!

! T CURRENT

i FILT -

i

! T LAST FILT

!

!

! V FILT

!

!

! VFL OV

!

!

i ATFL TV

!

!

i DFL

!

i

! GM DEG

!

!

! GM ORD

!

!

! R TV
p

i

!

Output Destination

! ATM

!

!

! DM

!

!

! GMD

!

!

! GMO

!

!

! R IN

!

!

! T FIN

!

!

! TIN

!

!

! V IN

!

!

! VM

!

!

! ATM

!

!

DM

!

!

! GMD

!

!

! GMO

!

!

! R IN

!

!

! STATE PROP !

! !

! ONORBIT REND R V !

! STATE PROP !

! !

! ONORBIT REND R V !

! STATE PROP !

! !

! ONORBIT REND R V !

! STATE PROP !

! !

! ONORBIT REND R V !

! STATE PROP !

! !

! ONORBIT REND R V !

! STATE PROP !

! !

! ONORBIT REND R V !

! STATE PROP !

! !

! ONORBIT REND R V !

! STATE PROP !

! !

! ONORBIT REND R V !

' STATE PROP !

! !

! ONORBIT REND R V !

! STATE P_OP !

! !

! ONORBIT REND R V !

! STATE PROP !

! !

! ONORBIT REND R V !

! STATE PROP !

! !

! ONORBIT REND R V !
! STATE PROP !

! !

! ONORBIT REND R V !

! STATE PROP !
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q

Internal

Name

!

Inlist/Outlist !

! External ! Input Source

! Name !

Output Destination

! ! q
! T FIN

!

! T IN

!

!

! VM

!

!

! V IN
-- m

!

!

! G NEW

!

!

! R FIN

!

!

! V FIN

!

I

! G NEW

!

!

! R FIN

I

! V FIN

!

!

!

!

!

!

!

!

!

!

! T CURRENT ! ONORBIT REND R V

! FILT - ! STATE PROP

! !

! T LAST FILT ! ONORBIT REND R V

! - - ! STATE PROP

! !

! VFL TV ! ONORBIT REND R V

! - ! STATE PROP

! V TV ! ONORBIT REND R V

! -- ! STATE PROP

! G NEW

! !

! R FILT !

! !

! !

! V FILT !

! !

! !

! G TV !

! !

! !

! R TV !

! t

!

! V TV

! !

! !

! !

! !

! !

! !

! !

!

!

!

!

!

!

!

!

!

!

!

! ONORBIT REND R V

! STATE PROP

!

! ONORBIT REND R V

! STATE PROP

!

! ONORBIT REND R V

! STATE PROP

!

! ONORBIT REND R V

! STATE PROP

!

! ONORBIT REND R V

! STATE PROP

!

! ONORBIT REND R V

! STATE PROP

!

!

!

!

!

!

!

!

!

!

!

!

I

!

!

!

!

!

!

I

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

l

!

!

!

!

l

!

!

!

!

!

!

!

!

!

!

!

!

!
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TABLE 4.2.3.1.- Concluded

! ! ! !

! Variab3e Name ! Input Source

! !

! Output Destination !
! !

i

l !
! ATM !

! !
! !
! DERIV ! PINES METHOD

o

! !

! DM !

! !

! !

! DT STEP !
! - !

! GMD !
! !

I !
! GMO !

! !
! !

! % ! ACCEL ONORBIT

! !

! PREC STEP PROP ! **

! !

! R FIN !
D

! !

! T CUR ! RK GILL
P

! !

IT FIN !
! !

i T IN !
! !

!V FIN !
! !

! VM !

! !

! !
! X ! PINES METHOD

! !

! XN ! RK GILL

! !

! !

! !
! !

! !

! !

! ACCEL_ONORBIT,RK_GILL, !
! PINES METHOD !

! !
! !

! !

! ACCEL_ONORBIT,RK_GILL, !
! PINES METHOD !

! !

! RK GILL !
! - !

! ACCEL ONORBIT,RK GILL, !

! PINES METHOD !
! !

! ACCEL_ONORBIT ,RK__GILL, !
! PINES METHOD !
! - !

I !

! !
! !

! !

! ACCEL ONORBIT !

! !

! RK_GILL,PINESMETHOD !
! !
! ACCEL ONORBIT !

! !

! RK_GILL,PINESMETHOD !
! !
l ACCEL ONORBIT !

! !

! ACCELONORBIT,RK_GILL, !
! PINES METHOD !

! !

! !

! !

! RK_GILL,PINES._METHOD !
! !

! !

! !
! !

I !

@Value returned from function

*Onorbit/Rendezvous principal function, see section 4.2

** Initialization parameters, see section 4.7
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4.2.3.1.1 Integration of the equations of motion (RK_GILL)

A fourth-order Runge-Kutta-Gill integration technique is used for precision inte-

gration during coasting flight propagation and prediction of the Orbiter and

target state vectors. The technique is actually a fourth-order Runge-Kutta nu-

merical integration technique, modified w_th Gill's coefficients, used _n con-

junction with S. Pines' formulation for the equations of motion (see section

4.2.3.1.2).

A. Detailed Requirements.- The Runge-Kutta-Gill (RK GILL) integration sub-

function will be activated each time a call statement of the following form
is encountered:

CALL: RK GILL

IN LIST: _XN,DT_STEP, T_CUR,GMO,GMD,DM,VM,ATM,T_IN

OUT LIST: XN,T CUR

where:

XN

DT STEP :

T CUR

GMO

GMD :

DM

VM

ATM

T IN

an array containing the seven variables of integra-

tion (i.e., integrated initial conditions)

the integration step size

the RK GILL step size subinterval time (i.e., there

are four cycles of RK GILL per integration step size)

the Earth gravitational potential model order

the Earth gravitational potential model degree

the drag acceleration model flag

the vent and uncoupled thrust acceleration model
flag

the vehicle attitude mo@e flag

the initial state time

The computations initiated by call to the Runge-Kutta-Gill subfunction will

be the following and in the order indicated.

I . The initial time of the current integration step, T CUR, shall be saved
in T STOR.

T STOR : T CUR
D

2. Next a counter, J, shall be tested to ensure that four evaluations of

Runge-Kutta-Gill are determined.

! DO FOR

! J : I

! TO4

!
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If the evaluation cycle is 4 or less, a new value of T CUR (the
integration step time) shall be determined as:

T_CUR : T_STOR + AI BBj DT STEP

Next the Pines method will be called to calculate derivatives

(DERIV), of the initial conditions.

CALL: PINES METHOD

IN LIST: _XN,T_CUR,GMO,GMD,DM,VM,ATM,T_IN

OUT LIST: DERIV,_X

The call arguments are as previously described, and details of the

Pines method are given in section 4.2.3.1.2.

The Runge-Kutta-Gill integration continues with the numerical inte-

gration of derivatives of the initial conditions (XNL) in the follow-
ing manner:

! DO FOR

IL= 1,7
I

P = DT_STEP DERIV L

XNL : XNL + Aj (P-BBj QL)

QL : CCj P + DDj QL

where:

A, BB, CC, DD : premission-loaded arrays (J : I to 4) con-

taining coefficients required for this

formulation of the Runge-Kutta-Gill

integration technique

XN : an array containing the seven variables of

integration (i.e., integrated initial
conditions)

DERIV = an array containing the total derivatives
of the initial conditions at the current

time

P : integration variable used in Runge-

Kutta-Gill technique

QL : integration variable used in the Runge-
Kutta-Gill technique
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After the seven variables of integration have been obtained, the

RK GILL will return to repeat step 2, and cycle through until J

is-greater than 4.

Interface Requirements.- Input and output parameters for the Runge-Kutta-

Gill integration subfunction are given in table 4.2.3.1.1.

Processing Requirements.- The following is a list of the subfunctions and

principal functions that call the Runge-Kutta-Gill subfunction:

Precision propagation (ONORBIT PRECISE PROP)

Onorb_t precision state prediction (ONORBIT PREDICT)

Constraints.- Because the Runge-Kutta-Gill subfunction is used by both pre-

cision propagation and precision prediction subfunctions, which may be

executing at the same time, it should be protected against interruption.

Supplementary Information.- A suggested implementation of this subfunction

in the form of detailed flow diagrams may be found in Appendix B under

the following:

RK GILL
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Internal
Name

! ATM
! DM
! DT STEP
aMD
GMO

! T CUR

! TIN

! XN

!

! ATM

! DM

! DT STEP

! GMO

!TCUR

! T-IN

! XN

!

!

!TCUR

!

!

! T CUR

!

!

!

!

!

!

!

!

!

!

!

! ! !

Inlist/Outlist ! ! !

! External ! Input Source ! Output Destination !

! Name ! ! !

! ! ! l

I ATM I O_ORBIT PRECISE PROP l l

! DM l ONORBIT-PRECISE-PROP I !

! DT STEP ! ONORBIT-PRECISE-PROP ! !

! GMD ! ONORBIT PRECISE_PROP ! l

! GMO ! ONORBIT PRECISE PROP ! !

I T_CUR ! ONORBIT_PRECISE-PROP l

! T IN ! ONORBIT PRECISE PROP l !

! V-M l ONORBIT_PRECISE_PROP I l

! XN ! ONORBIT_PRECISE_PROP 1 !

l ! l I

I ATMP I ONORBIT PREDICT l !
l DMP ! ONORBIT-PREDICT ! !

l DT STEP l ONORBIT-PREDICT ! !

l GMDP I ONORBiT-PREDICT ! !

l GMOP ! ONORBIT_PREDICT I !

l T CUR I ONORBIT PREDICT ! !

! T-PRED__INIT ! ONORBIT-PREDICT_ l !

l VMP ! ONORBIT PREDICT l !

! XN ! ONORBIT_PREDICT ! 1

l ! ! l
! ! ! !

! T CUR ! ! ONORBIT PRECISE PROP !

! XN ! ' ONORBIT-PRECISE-PROP ,

l l l - - l

l l l l

l T CUR l l ONORBIT PREDICT l
l XN ! ' ONORBIT-PREDICT ,

l ! l !

l ! l l
l l l l

l l l l

l l l l
l l l l

l l ! l

l l l !
l l l !

l l l l

l l l l

l ! l l

l l l l

l l l l
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! Variable Name ! Input Source

! A ! **
! !
! ATM !
! !
! BB ! **
! !
! CC ! **

! !

! DD ! **

! I

! DM !

! DERIV ! PINES METHOD
m

! !

! GMD !

! GMO !

! !

!T CUR !

! I

!TIN !

! !

! VM !

t X ! PINES METHOD

! !

' XN !

, !

! !

! !

! !

! !

! !

! !

! !

Output Destination

PINES METHOD

PINES METHOD

PINES METHOD

PINES METHOD

PINES METHOD

PINES METHOD

PINES METHOD

PINES METHOD

**Initialization parameters, see section 4.7
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4.2.3.1.2 Equations of motion (PINES_METHOD)

During coasting flight navigation phases, equations of motion are to take the
form of a variation-of-parameters method devised by S. Pines, where parameters
to be varied are the Cartesian initial conditions of the motion. The integra-
tion schemeto be used in connection with these equations is the Gill modifica-
tion of the Runge-Kutta technique (see section 4.2.3.1.1). This samescheme
shall be utilized to propagate the position and velocity vectors of the target
vehicle during all rendezvous phases.

A. Detailed Requirements.- The Pines equations of motion subfunction will be
invoked whenevera call statement of the following form is encountered:

CALL: PINESMETHOD

IN LIST: _XN,T_CUR,GMO,GMD,DM,VM,ATM,T_IN

OUTLIST: DERIV,X

where:

XN = the seven variables of integration

T CUR= the initial integration time of the current step

GMO= Earth's gravitational potential model order

GMD= Earth's gravitational potential model degree

DM= drag model acceleration computation flag

VM= vent and thrusting acceleration model flag

ATM= attitude modeflag

T IN = initial time

and:

DERIV = the output total derivatives of integration

X output two body position and velocity vectors

of conic

The PINES_METHOD subfunction will cause the following calculations to

be made in the order given:

I. Several terms used in the F and G series calculations for the closed-form

two-body equations are computed.
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R_IN : I XNI to 3 1

R IN INV : I./R IN

SMA = I./[2. R IN INV - (XN 4 to 6 " XN4 to 6)/EARTH_ Mu)

F3

CI : SQRT (SNA)/SQR_EMU F4

DELTAT : T CUR - XN 7

D_IN : XN I to 3 XN4 to 6

R FIN TEMP INV : O.

The conic solution subfunction (F_AND_G) shall then be invoked to calcu-

late several terms used in computation of the conic velocity vector (X4

to 6 ) and initial condition derivatives and compute the two-body conic

position vector (X I to3 ) as follows (see section 4.2.7)

CALL: F AND G

IN LIST :

OUT LIST:

SMA, DELTAT, CI, XN- t R IN INV, R FIN TEMP INV XN 4

to 6, D_IN, D_FIN__E_ 3' - - - '

F, G, FDOT, GDOT, SO, $I, $2, $3, X I to 3,
R FIN INV, THETA

3. The two-body velocity vector shall then be computed:

a.__

X4 to 6 = FDOT XN I to 3 + GDOT XN 4 to 6

4. Perturbation accelerations shall now be calculated and several computa-

tions shall then be performed to compute perturbation derivatives for F

and G series terms used in calculating total derivatives of the seven

variables of integration.

T ACCEL : T IN + T CUR

: ACCEL_ONORBIT (GMD, GMO, DM, VM, ATM, X I to 3, X4 to 6, T_ACCEL)

P : P - G CENTRAL

D_TAU : X I to 3 " P

D_AUX : X4 to 6

C2 = CI 2

S1 = C1 S1

$2 - C2 $2
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F3C3 = I./C2

$3 = SMA $2

$4 = 2. $3 D AUX

C4 = C2 D AUX

C5 = C4 $I

$5 = $2 D TAU

DD = $I C3 R IN (SMA R IN INV-I.) + SO D IN

$6 = 2. $2 C4 DD + $5

R IN TAU = $4 - C2 $I D AUX DD - $I D TAU

R IN AUX = R IN INV R IN TAU

F TAU = ($3 C3 R IN AUX - $4) R IN INV
b

G TAU = C5/R FIN INV - $6 F3

FD TAU = FDOT (C4 - R IN AUX)

GD TAU = - $4 R FIN INV

5. Finally, the total derivatives of the variables of integration are

to be computed as follows:

DERIVI to 3 = GD_TAU X I to 3 - G_TAU X4 to6 - G

DERIV4 to 6 = - FD_TAU XI to 3 + F TAU X4 to 6 + F

DERIV 7 = $6 - 3. C4 SMA (CI THETA-SI) - C5/R_FIN_INV F3

Interface Requirements.- Input and output for the Pines method subfunction

are given in table 4.2.3.1.2.

Processing Requirements.- The following is a list of subfunctions and prin-

cipal functions that call the Pines method.

ONORBIT PRECISE PROP

RK GILL

ONORBIT PREDICT

Constraints.- The ACCEL ONORBIT function shall not be invoked by any other

software module du-_ng the computation of the perturbation acceleration

vector, P, to maintain the correct value of the central force term, G
CENTRAL.
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Supplementa__rx Information.- A suggest@d implementation of the Pines method

of the equations of motion in the form of detailed flowcharts may be found

in Appendix B under the following:

PINES METHOD
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Internal

Name

! !

Inlist/Outllst ! !

! External ! Input Source !
! Name ! !

l l l l
! ATM ! ONORBIT PRECISE PROP !

Output Destination

! ATM

! DM
l GMD

! GMO

l TCUR
! T IN

l XN
l

l

! ATM

l DM

l GMD

l GMO

l TCUR

I TIN

!@
! XN
!

! ATM
l DM

l GMD

l GMO

! T CUR
!T-IN
!@
l XN

!

I DERIV

l X

l

l

! DERIV

l X

l

l

! DERIV

! X
n

l

!

l

l

-- D

! DM ! ONORBIT PRECISE PROP !
! GMD ! ONORBIT-PRECISE-PROP !

! GMO ! ONORBIT PRECISE PROP l

! T CUR ! ONORBIT PRECISE PROP !
! T IN ! ONORBIT-PRECISE-PROP !

! VM ! ONORBIT-PRECISE-PROP !
! _ ! ONORBIT-PRECISE-PROP !
! l

l l

! ATM l RK GILL
l DM l RK-GILL

! GMD ! RK GILL

l GMO ! RK GILL
! T CUR ! RK-GILL

m

! T IN l RK GILL

l VM ! RK-GILL

l _ l RK-GILL

l !

! ATMP l ONORBIT PREDICT

! DMP l ONORBIT-PREDICT

! GMDP l ONORBIT PREDICT
m

l GMOP ! ONORBIT PREDICT
l T CUR ! ONORBIT-PREDICT

! T PRED INIT l ONORBIT PREDICT
l V-MP - ' ')NORBIT-PREDICT

l XN ! DNORBIT-PREDICT
l !

l DERIV !

D

! !

! l

! DERIV !
! X l

b

l !

l l

l DERIV !
l X !

l !

l !

l !
l !

!
!
!
!
!
!
l

! !
l !
! !
! !
! l
! !
! !
! !
l !
! !
! !
! !
! l
l !
! l
l !
l !
! l
l !
! !
! ONORBIT PRECISE PROP !
l ONORBIT-PRECISE-PROP !
! !

l l

! RK GILL l
l RK GILL !
! l
l l

! ONORBIT PREDICT l
! ONORBIT-PREDICT !
l l

l !

l !

l !
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.' _ .'
! Variable Name ! Input Source !

! !
Output Destination

! ATM !
! t ! ACCELONORBIT

p

! !

! Cl !

! DELTAT !

! D FIN TEMP ! **
D

! !

!DIN !

' !
! DM !

! EARTH MU ! **

! !

IF ! F ANDG

! !

! FDOT ! F AND G

! !

! G ! F ANDG
! !

! G CENTRAL ! ACCEL ONORBIT

! !

! GDOT ! F AND G

! !

! GMD !

! !

! GMO !

! !

! R FIN INV ! F AND G

! !

! R FIN TEMP INV !
D D m

! R IN INV !

! SO ! F ANDG

! $I ! F AND G

! !

!
! ACCEL ONORBIT

!

!
!

! F ANDG

!
! F AND G

!

! F AND G
!

! F AND G

!
! ACCEL ONORBIT

!

!

!

!

!

!

!

!

!

!

!
!

!

! ACCEL ONORBIT

!

! ACCEL ONORBIT

!

!

!

! F AND G
m

!

! F ANDG

!

!

!

!

!

**Initializations parameters, see section 4.7
%Only the value of ACCEL ONORBTT is used

n

!

!

!

!

!

!

!
!

!

!
!

!

!
!

!

!

!
!

!
!

!

!

!
!

!
!

!

!
!

!

!
!

!
!

!

!

!
!

!

!

!
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! !
! Variable Name ! Input Source !
! ! !

Output Destination

! ! !

$2 ! F AND G !

! ! !

! $3 ! F AND G !
m

! SMA ! ! F AND G

! SQR_EMJ ! ***,* !

! T ACCEL ! ! ACCEL ONORBIT

! THETA ! F AND G !

! ! !

! VM ! ! ACCEL ONORBIT

! ! !

! X! to 3 ! F_AND_G ! ACCEL_ONORBIT
! ! !

! X4 to 6 ! ! ACCEL_ONORBIT
! ! !

! XN ! ! F AND G

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
! ! !

*Precision State Prediction principal function, see section 4.3

_**Onorbit/Rendezvous Nav principal function, see section 4.2
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4.2.3.1.3 Conic solution (F AND.G)

The conic solution subfunction utilized by the state vector interpolation, posi-

tion-velocity submatrix of state transition matrix, and precision integration

subfunctions shall provide the capability to trace the progress of a point along

its orbit assuming pure Keplerian motion, by means of the F and G series

algorithm in terms of the eccentric anomaly.

The variables F and G and F and G shall be calculated as functions of the differ-

ence in eccentric anomaly between an initial time at which a position and a ve-

locity vector are known and a f_nal time at which they are required.

If the final position and velocity are known, the difference in eccentric

anomaly can be easily calculated and the F, G, F and G expressions can be

obtained with the use of certain auxiliary variables called here SO, $I,
$2, and $3.

If the final position and velocity are not known but only the transfer time,

it is necessary to solve a form of Kepler's equation to obtain the difference

in eccentric anomaly.

A. Detailed Requirements.- The conic solution (F_AND_G) subfunction will be

initiated by the call statement of the following form:

CALL: F AND G
-- m

IN LIST: SMA,DELTAT,CI,R _IN,R_IN_INV,R_FIN_INV,V _IN,D_IN,D_FIN

OUT LIST: F,G,FDOT,GDOT,S0,SI,S2,S3,R _FIN,R_FIN_INV,THETA

where:

SMA : semi-major ax_s of the conic

DELTAT : transfer time

CI an auxiliary constant, equal to the square root of SMA

divided by the square root of Earth's gravitational
constant

R IN = the initial position vector (M50)

R IN INV : the reciprocal of the magnitude of R _IN

R FIN INV :
n

the reciprocal of the magnitude of R_FIN (if unknown,

a zero shall be input)

V IN : the initial velocity vector (M50)

D IN the _ot product of the _nitial position and velocity

vectors
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D FIN the dot product of the final position and velocity
vectors (if unknown, a zero shall be input)

The conic solution subfunction shall perform the following in the order
indicated:

I . Check the value of R FIN INV to see if Kepler's equation is to be

solved.

oDIF R FIN INV =

a. If R FIN INV _ 0., which indicates that the final position

vector is already known, the difference in eccentric anomaly shall

be obtained from the expression

THETA = (CI(D_FIN-D_IN) + DELTAT/CI)/SMA F3

bt If R FIN INV = O., the final position vector is to be calculated.

This-requires solving a modified form of Kepler's equation, which

shall be accomplished by an iterative process that consists of the

following steps:

(I) Two auxiliary quantities shall be obtained from the input

data:

ONEMRIN = (SMA - I./R IN INV)/SMA

D MN AN : DELTAT/(CI SMA)

D MN AN is the difference in mean anomaly, which shall

be taken as a first approximation to the difference in

eccentric anomaly, THETA. _n iteration counter shall

also be started.

THETA = D MN AN

I = I

(2) Then THETA and THETA COR shall be recalculated until the

number of iterations attains a predetermined maximum

DO UNTIL

I = NUM KEP ITER

F3

F3

F3 This equation shall be protected against division by zero (Reference 3.6-3).
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by repeatedly evaluating the equations

SO= COS(THETA) F9

$I = SIN (THETA) F9

$2 = I. -SO

ERR= D MNAN-THETA-DIN CI S2/SMA+ ONEMRIN$I F3

THETACOR= ERR/(I. + D IN CI SI/SMA- ONEMRINSO) F3

THETA= THETA+ THETACOR

I : I+ I

2. Whenthe difference in eccentric anomaly is determined, certain
auxiliary variables shall be calculated.

SO= COS(THETA) F9

$I = SIN (THETA) F9

$2 : I. -SO

$3 = THETA- $I

3. The values of F and G shall then be determined:

F = I. - SMA$2 R IN INV

G = DELTAT- CI SMA$3

4. If the final position vector and the reciprocal of its magnitude
were not known, they shall be calculated:

IF R FIN INV = 0., then set

R FIN = F R IN + G V IN

R_FIN_INV= I./ I R FIN I F3

5. The functions F and G, required for the calculation of the final
velocity vector, shall be evaluated:

F3 This equation shall be protected against d.iv_sion by zero (Reference 3.6-3).
F9 This equation shall be protected against return value of sine or cosine

with magnitude greater than unity (Reference 3.6-9).
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FDOT : - EARTH MU CI $I R IN INV R FIN INV

GDOT = I. - SMA $2 R FIN INV

Finally, the out list of the conic solution subfunction shall contain

the following quantities (different users require different sets of
these):

F, G, FDOT, GDOT, SO, $I, $2, $3, R FIN, R_FIN_INV,THETA

Interface Requirements.- Input and output parameters for the conic solution

(F_AND_G) are given in table 4.2.3.1.3.

Processing Requirements.- The following are the code names of those sub-

functions which call the F AND G conic solution subfunction:

PINES METHOD

MEAN CONIC PARTIAL TRANSITION MATRIX 6x6

ONORBIT SV INTERP

Constraints.- None

Supplementary Information.- A suggested implementation of this subfunction

in the form of a detailed flow diagram may be found in Appendix B under

the following:

F ANDG
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Inlist/Outlist
! Internal
! Name

! External
! Name

!
! CI
! DELTAT
! D FIN
!DIN
f R FIN INV
!
! R IN
! R IN INV
! SMA
! V IN
!
! CI
!
!
! DELTAT
!
!
! D FIN
!
!
!DIN
!
!
! R FIN INV
!
!
! R IN
!
!
! R IN INV
!
!
! SMA

!
! V IN

!
! CI
! DELTAT
! D FIN
!

!

! CI

! DELTAT

! D FIN TEMP

!DIN

! R FIN TEMP

! - -

! XNlto 3
I R IN INV

! SMA

! XN4 to 6
!

! CI

!

!

! DELTIM

!

!

! D TWO

!

!

! D ONE
m

!

!

! R TWO INV

!

!

! R ONE

!

!

! R ONE INV

!

!

! SMA

!

!

! V ONE

!

!

! CI

! -DELTAT GO

! D FIN TEMP

!

!

! !

! Input Source !

! !

Output Destination

! !

! PINES METHOD !

! PINES-METHOD !

! PINES-METHOD !

! PINES METHOD !

! PINES METHOD !

! PINES METHOD !

! PINES-METHOD !

! PINES METHOD !

! PINES METHOD !

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6 !

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6!

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6!
p

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6!

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6!

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6!

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6!

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6!

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6 !

7 !

! ONORBIT SV INTERP !

! ONORBIT SV INTERP !

! ONORBIT SV INTERP !
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Internal
Name

Inlist/Outlist !
! External !
! Name !

Input Source Output Destination

! DIN
!
! D TWO ! ONORBITSV INTERP

D

! R FIN INV

!

! R IN

! R IN INV

! SMA

! V IN

!

! F

! FDOT

! G

! GDOT

! R FIN

! R FIN INV

!SO -

: $I

! $2

!

: $3

! THETA

!

! F

!

!

! FDOT

!

!

! G

!

!

! GDOT

!

! R FIN

!

! R FIN INV

!

!

! SO

!

!

! R FIN TEMP ! ONORBIT SV INTERP

: i_v - - !

! R TWO ! ONORBIT SV INTERP

! R TWO INV ! ONORBIT SV INTERP

! S-MA - ! ONORBIT SV INTERP

! V TWO ! ONORBIT SV INTER

! F !

! FDOT !

! G !

! GDOT !

! X1to 3 !
! R FIN INV !

-
! S1 !

! $2 !

! !

! s3
! THETA !

! !

! F !

!

! !

! FDOT !

! !

! !

! G !

! !

! !

! GDOT !

! !

! R TWO !

! !

! !

! R TWO INV !

! !

! SO !

, !

! !

! !

! !

! !

! !

l !

! PINES METHOD !

! PINES METHOD !

! PINES METHOD !

! PINES-METHOD !

! PINES METHOD !

! PINES-METHOD !

! PINES METHOD !

! PINES METHOD !

! PINES METHOD !

! !

! PINES METHOD !

! PINES-METHOD !

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6 !

! !

! MEAN CONIC PARTIAL !

! TRANS ITION_MATRI X_6X6 !

! !

! MEAN CONIC PARTIAL !

! TRANSITION MATRIX 6X6 !

! !

! MEAN CONIC PARTIAL !

! TRANS ITION_MATRI X_6X6 !
, !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6 !

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6 !

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6 !

! !
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! Internal
! Name

Inlist/Outlist
! External
! Name

Input Source

! !
! !
! Output Destination !
l !

! !

! $I

! $2

$3

! THETA

! F

! FDOT

! G

GDOT

! R FIN

! R FIN INV

! SO

$I

$2

$3

! THETA

!

!

!

!

! $I

! $2

!

!

$3

!

! THETA

!

!

! F

! FDOT

! G

! GDOT

! R RESID

! R FIN INV

!SO -
! $I

! $2

$3

! THETA

!

!

!

!

!

!

!

!

!

l

!

!

!

!

!

!

!

!

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6 !

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6 !

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6 !

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6X6 !

! !

! ONORBIT SV INTERP !

I ONORBIT SV INTERP !

! ONORBIT SV INTERP !

! ONORBIT SV INTERP I

! ONORBIT SV INTERP !

l ONORBIT SV INTERP !

! ONORBIT SV INTERP !

! ONORBIT SV INTERP !

! ONORBIT SV INTERP !

! ONORBIT SV INTERP !

! ONORBIT SV INTERP !

I !

! !

! !

! !

! !

! !

! !

! : !

! !

! !

! !

! !

! !

I !

! !

! !

! !

! !

! !
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, !

! Variable Name '

: !
Input Source Output Destination

! !

! EARTH MU !

! !

! NUM KEP ITER !

! !

! !

! !
! !

! !

! !
! !

! !

! !
! !

! !

! !
! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! !

! !

! !

! !
! !

! !

! !

**Initialization param__:ers, see section 4.7
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4.2.3.1.4 Acceleration models (ACCEL.ONORBIT)

During orbital operations, models to account for gravitational, vent and thrust,

and vehicle aerodynamic drag accelerations shall be available. These models are

to be used in the Orbiter state vector propagation whenever the IMU sensed accel-

eration magnitude is below a given threshold level. When the sensed acceleration

magnitude is above the threshold level, the gravitational acceleration model

only will be used. In the Orbiter state prediction mode, only the gravitational

and drag acceleration models may be used. During propagation or prediction

of a target vehicle state, the gravitational and drag acceleration models

may be used. Additionally, during the target state propagation mode, capability

exists to incorporate the unmodeled acceleration biases as determined by the
Kalman filter in REND NAV FILTER.

A. Detailed Requirements.- This function is activated whenever the statement

ACCEL_ONORBIT (GMD,GMO,DM,VM,ATM,R,V,T) is encountered,

where:

GMD input degree of Earth gravitational potential model (ACCEL

EARTH GRAV)

GMO input order of Earth gravitational potential model (ACCEL

EARTH GRAV)

•DM flag indicating use (I) or non-use (0) of vehicle drag ac-

celeration model (ACCEL ONORBIT DRAG)

VM flag indicating use (I) or non-use (0) of vent and thrust

model (ACCEL ONORBIT VENT AND THRUST)

ATM attit,lde m_de flag (used when DM and/or VM are set to I.)

R po_!tion _ ctor of vehicle in M50 coordinates

V velocity vector of vehicle in M50 coordinates

position and velocity vectors time tag

The following steps will be performed (in the order indicated) whenever the

ACCEL ONORBIT function is activated.

I , The values of G, the gravitational acceleration due to the Earth's non-

spherical shape, D, the drag model acceleration vector, and VENT, the ac-

celeration due to vent and thrusting shall be initially nulled.

G : O.

D=O.

VENT = O.
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The current Earth fixed to M50 transformation FIFTY will be constructed.

FIFTY : EARTH_FIXED_TO_MSO_COORD(T)

Here, the EARTH_FIXED TO_M50_COORD function is defined in section 4.10.2.

Next the input M50 position vector will be transformed to Earth fixed

coordinates.

R EF = FIFTY T R

Components of the Earth fixed position unit vector will be determined by
the following:

R_iNv: I./I_RI

UR : R INV R EF

The acceleration vector due to the Earth's gravitational attraction as

a point mass will be determined by:

G CENTRAL : - EARTH MU R INV 3 R

Next the value of GMD shall be tested to determine if the gravitational

acceleration vector due to the _'s _-o_*,, f_ shall be
determined.

a.

! GMD > 2

If GMD is equal to or greater than 2, the ACCEL EARTH GRAV code will

be executed - which is a model formulated using S. Pines' spherical

harmonics development.

(I) The following variables are to be set up to serve as starting

values for recursive relations used in the Pines formulation:

RO ZERO : EARTH RADIUS GRAV R INV

RO N : RO ZERO EARTH MU R INV 2

AI ,2 : 3. UR 3

A22= 3.

L = I

AUXILIARY = 0.
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ZETA_REAL I : I.

ZETA_IMAG I = O.

A is a two-column array used for temporary storage of Legendre

polynomials and derived Legendre functions (which are latitude-

dependent terms), and RO N is the distance-related term.
AUXILIARY is an intermediate scalar variable.

Recursive calculations shall then proceed, using as many com-

ponents of the one-column arrays ZETA REAL and ZETA IMAG as
required to account for the effects o-f tessera]'harmonics.

ZETA REAL and ZETA IMAG are the only terms that depend on the

vehicle's longitude.

Do for I = I to GMO:

ZETA_REALI+ I : UR I ZETA_REAL I - UR2 ZETA IMAG I

ZETA_IMAGI+ I : UR I ZETA_IMAG I + UR 2 ZETA_REAL I

The derived Legendre functions shall then be obtained by

means of recursion formulas, multiplied by appropriate combi-

nations of tesseral harmonics (Legendre polynomials shall be

multiplied by zonal harmonics coefficients), and stored as

certain aux_liary variables FI, F2, F3, and F4.

Do for N = 2 to GMD the following three steps:

AN+I, I = 0.

AN+I, 2 = (2. N + I.) AN, 2

AN, I = AN, 2

AN,2 UR 3 AN+I,2

Do for J : 2 to N:

AN_J+I, I : AN_J+1, 2

AN_J+I, 2 (UR 3 AN_J+2, 2) - AN_J+2,1)/j

- F1 : O.

F2 = 0.

F3 = -AI, I ZONAL N

F4 -AI, 2 ZONAL N

(These account for the zonal harmonics contributions.)

If the maximum order of tesserals wanted has not been

attained (_.e., _f N < GMO), do for NI = I to N:

FI = FI + NI ANI,I (CL ZETA REALNI + SL ZETA IMAGNI)

F2 F2 + NI ANt, I (SL ZETA-REALNI - CL ZETA-IMAGNI)

DNM = CL ZETA_REALNI+I + SL ZETA_IMAGNI+ I

q

q
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F3 = F3 + DNM AN1+1,'1

F4 = F4 + DNM ANI+1,2
L =L+ I

(These take into account the contributions of the tesseral

and sectorial harmonics.)

(5) RO N : RO N RO ZERO

G I = G I + RO N FI

G 2 = G2 + RO-N F2

G3 = G3 + RO-N F3
AUXILIARY = AUXILIARY + RO N F4

(These equations multiply the sum of zonal and tesseral ef-

fects by appropriate distance-related factors, store the re-

sults as components of the acceleration vector G, and prepare

for final computation by obtaining the intermedTate scalar

variable AUXILIARY, which accounts for an additional effect

proportional to the unit radius vector UR).

Once these calculations have been completed (N = GMD) and stored,

the Earth-fixed acceleration vector shall be obtained and rotated to

the M50 coordinate system.

G : G - AUXILIARY UR

G : FIFTY G

This is the gravitational acceleration vector needed for equations

of motion of the Shuttle. Values of GMD and of GMO may be set by

the user independently. However, it is necessary that GMO < GMD.

A maximum value of 4 for GMD shall be used, which will make the

array ZONAL have 4 components, the arrays C and S have 9 components

each, ZETA REAL and ZETA IMAG have 5 each, and A has a maximum dimen-
sion of 5 by 2. - -

Terms shown in Earth's gravity calculations as CL and SL are usually

represented by Cn m and Sn m, respectively, but were renumbered for
• . ' o ° ° '

slngle subscrlpt ut111zatlon; the terms called ZONAL N correspond to

JN = -CN,o"

The S. Pines formulation of gravitational potential may be found, in

condensed form, in the paper "Uniform Representation of the Grav-

itational Potential and its Derivatives," AIAA Journal, Vol. Ii, No.

11, November 1973. In expanded form, and with an earlier draft of

the computer program herein presented, it is contained in MDC Report

W0013, NASA CR 14/478, of 9 February 1976, Pines' Nonsingular

Gravitational Potential: Derivation, Description and Implementation.

Next a test will be performed to determine if vent and thrust accelera-

tions are to be modeled. It should be noted that the vent and thrust
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acceleration model _s used only during'state propagation (i.e., this
model is not used for Orbiter or target vehicle state prediction).

! VM= I
!

a. If VM_s equal to I, vent and thrust accelerations are to be modeled
for use during Orbiter or target vehicle propagations.

(1) Next a check of the ATM flag will be made to determine if the

modeled vent and thrust acceleration will apply to the Orbiter

state propagation (ATM = 0), or target vehicle propagation
(ATM = 2).

! ATM= 2

!

- If ATM is equal to 2, the vent and thrust acceleration is

for the target vehicle. A check of the SHUTTLE FILTER FLAG
will be made to determine if the unmodeled acceleration bias

(_UNMOD_ACC_BIAS) applies to the Orbiter (SHUTTLE FILTER FLAG

= ON), or the target vehicle (SHUTTLE FILTER FLAG =OFF].

I SHUTTLE FILTER FLAG : OFF

!

- If the Shuttle filter flag is OFF, the target vehicle vent

and thrust vector (VENT) will be set equal to the unmodeled

acceleration bias; otherwise the value of VENT will remain
at its initialized value. The value of UNMOD ACC BIAS is

determined in the Onorbit/Rendezvous Navigation principal

function by the Kalman filter. The bias acceleration is ap-

plicable to either the Shuttle or target vehicle as

indicated by setting of the SHUTTLE FILTER FLAG as
p m

mentioned above.

- If the value of ATM does not equal 2 in step 3a(I), the vent

and thrust modeled acceleration will be for the Orbiter. The

value of the SHUTTLE FILTER FLAG w_ll next be checked

! SHUTTLE FILTER FLAG
p

! : ON

!

and if on, the vent and thrust acceleration vector VENT is

set equal to_UNMOD_ACC_BIAS.

VENT=UNMOD ACC BIAS
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(2) The value of time (T) is tested to determine if it lies

within the vent and thrust model action time span as specified

by the values of TFON and TFOFF,

! T > TFON

! T _ TFOFF

and if so, a body contact force vector (VFORCE) and the current

Orbiter mass (CURR ORB MASS) will be used to construct the

Orbiter venting and acceleration vector. A multiplication by

M_BODYM50 transforms the vector from body to MS0 coordinates.
This acceleration vector is then added to VENT.

VENT = £ENT + M_BODYM50 ( VFORCE/CURR_ORB_MASS )

- The value VENT, the Orbiter vent and thrust modeled accelera-

tion vector, is stored as VENT SS to be available for
downlist.

After the ACCEL ONORBIT VENT AND THRUST logic has been satisfied, the
drag model flag-(DM) shall be tested

! DM: I

!

and if true (DM = I), the vehicle drag acceleration vector shall be

determined.

ao The first step to be performed in the vehicle drag computational

flow will be to e×erc_se the SOLAR EPHEM code. Output from this

inline code will provide sine and cosine functions of the solar

right ascension and declination. This will be done in the following
manner:

(I) The longitude of the Sun in M50 coordinates, LOS, will be deter-

mined as

LOS = LOS ZERO + T LOS R - LOC SIN(T OMEG C + PHASE C)

Here, LOS_ZERO,LOS R,LOC,OMEG C and PHASE C are design depen-
dent parameters (see section 4.7).

(2) The sine and cosine of the solar declination SDEC and CDECI are

calculated by

SDEC : LOSK3 SIN(LOS)

CDECI = SQRT(I. - SDEC 2)
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(3) The cosine and sine of the solar right ascension are deter-

mined by

COS SOL RA = COS(LOS)/CDECI

SIN-SOL-RA = LOSKI SIN(LOS)/CDECI

LOSKI and LOSK3 are design dependent parameters (see section
4.7).

Next the ONORBIT DENSITY code will be exercised to provide the

atmospheric density value associated with the vehicle position.

This section of code is initiated with determination of the vehicle

altitude (ALT) above the reference ellipsoid through use of the

H_ELLIPSOID function (see section 4.2.3.1.4.1).

ALT : H ELLIPSOID(R)
-- b

where R is the vehicle M50 position vector.

(i) The next series of expressions will be performed to determine

GDI, one of the Babb-Mueller atmospheric density diurnal
factors.

CDECI = CDECI R INV

SDEC = SDEC R INV R3

CSFST = R I COS SOL_RA COS LAG

CSSND = R I SIN_SOL_RA SIN_LAG

SIFST = R2 SIN SOL RA COS LAG

SSND = R 2 COS SOL RA SIN LAG

COS PSI = SDE-C + CDECI (CSFST-CSSND + SIFST + SSND)

GDI-= _(I.0 + COS_PSI)/2.OI GDIE

where COS_LAG, SIN LAG and GDIE are design dependent parame-

ters (see section 4.7).

(2) A check of the vehicle altitude above the reference ellipsoid

(ALT) will be made to see if it is greater than ALT L (the

Babb-Mueller density layer altitude).

>! ALT > ALT_L
!

If the statement is true, the layering index integer K will

be set to 2; otherwise K will be set to I.

(3) The night-t_me vertical density profile factor (AFH) will be
determined

AFH : ABMI, K + ABM2, K ALT + ABM3, K /ALT

4-148



D
C,

79F_110

where ABM I TO _ K are mission dependent calibration coeffi-
cients (see se_ion 4.7). The diurnal density effect will be

determined next.

BFH = (BM I + BM 2 ALT + BM3/ALT) GDI

The BM I TO _ are)m_ssion dependent calibration coefficients(see sectio_ 4.7 . A seasonal-latitudinal term will be deter-

mined as follows,

CBMI = ALT - C DENSEA

= "-[CBDI(R_INV) 2 ABS (R3)R3JCBMI- EXP (CBD2 CBMI)CBMI

C_DENSEA,CBDI and CBD2 are design dependent parameters (see

section 4.7).

(4) The atmospheric density will now be determined as

RHO = RREF EXP (AFH + BFH + CBMI CBM2)

Here RREF is a design dependent parameter and CBM2 is a seasonal-

latitudinal mission dependent parameter (see section 4.7).

Next the ACCEL_ONORBIT_DRAG code will be executed using the

atmospheric density value of (RHO) previously determined. The code

will begin with calculation of the vehicle velocity vector in

Earth-relative M50 coordinates as determined by

_R : V _REL (V,R)

where _V_REL (V,R) is the Earth relative velocity function (see sec-

tion 4.2.3.1.4.2), and V,R are the vehicle velocity and position

vectors in M50 coordinates.

(I) A test to determine if ATM is greater than 0 is performed:

|

>! ATM > 0

- If ATM is greater than O, a second test will be performed to

determine if ATM is equal to 1.

! ATM : I

!

If ATM is equal to I, the drag computation will be for Orbiter

state prediction and will use the following configuration

parameters:
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VEHMASS: PREDORBMASS
CD- PREDORBCD -
AREA= FREDORBAREA

The values of PREDORBMASS,PREDORBCDand PREDORBAREAto
be used will be determined by tha_ principal function-which
initiates a call to the Onorbit predictor.

If in the test of ATM,ATMdoes not equal I, the ensuing
drag computation will be used for a target vehicle state
propagation or prediction mode. The following configura-
tion parameters will be set:

VEHMASS= TARGETMASS
b

CD = TARGET CD

AREA = TARGET AREA

Here TARGET MASS, TARGET CD and TARGET AREA are mission depen-

dent parameters (I-LOAD parameters - section 4.7).

If in the test of ATM, ATM is not greater than O, the computa-

tion of drag will be used for Orbiter state propagation.

In the above event, VEH MASS and AREA will be designated by:

VEH MASS : CURR ORB MASS

AREA = REF ORB AREA-
D

where CURR ORB MASS will be set by either the Onorbit/

Rendezvous Navigation Sequencer or Onorbit Guidance principal

functions and REF ORB AREA is a design dependent parameter
(see section 4.7)_ -

The coefficient of drag, CD, shall be determined as follows for

Orbiter state propagation. First, V _REL_BODY, the vehicle ve-

locity vector relative to the atmosphere, but expressed in

body coordinates, is determined as:

V REL BODY = (M BODYM50) T V R

where M BODYM50 is the transformation matrix of body to M50

coordinates and V R has been determined in c.

- Next the square of the sine of the vehicle angle of attack

(SA) will be determined as:

SA = (V_REL_BODY3)2/(V_REL_BODYI 2 + V_REL_BODY32)

The s_ne of the vehicle sideslip angle, SB, will be deter-

mined by the following:

sB: ILRELBODY21/IV_R]
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The sine of twice the sideslip angle S2B will be determined

by :

S2B = 2. SB SQRT (I.-SB 2)

- The Orbiter coefficient of drag CD may now be determined as:

CD : ((CDF + CDN SA EXP SHAPE FACTOR) (I.-SB) + CDS SB +

CDA S2B SA ) KFACTOR - -

The vehicle configuration constants CDF,CDN,EXP_SHAPE_FACTOR,

CDS and CDA are design dependent parameters (see section 4.7).

KFACTOR is the drag coefficient adjustment factor and is

mission dependent (see section 4.7) and included as an uplink

parameter (see section 4.9). The parameter KFACTOR is _n-

cluded to allow adjustments to the vehicle drag coefficient

due to configuration parameter uncertainties, atmospheric den-

sity model deviations or other causes during Orbiter state

propagation.

(3) After vehicle parameters VEH MASS, AREA and CD have been deter-

mined by one of the logic paths of 4c(I) or of 4c(2) as

dictated by the value of the ATM flag, a vehicle drag accelera-

tion vector D in M50 coordinates will be determined by:

D :-0.5 CD RHO AREA I V R I V R/VEH MASS

(4) If the drag acceleration D is being computed for the Orbiter

during state propagation, ATM=O, it shall be stored in D _SS

for downlist. ALT, the vehicle altitude above the Earth's

reference ellipsoid, will be also saved in ALT SS for downiest.

! ATM : 0 .... !

! ! D SS : D

i ALT SS = ALT
p

!

(5) Finally, the acceleration values G, D and VENT determined by

the non-spherical Earth gravitational, vehicle drag, and

vent and thrust models, respectively, will be combined with

the value of point mass Earth gravitational acceleration

(G CENTRAL) to result in the final ACCEL ONORBIT function M50

output vector.

ACCEL ONORBIT = G CENTRAL + G + D + VENT

Interface Requirements.- The input and output data are shown in table

4.2.3.1.4. It should be noted that ACCEL ONORBIT is treated as a function

subprogram; that is, the computed va_ue of the acceleration vector will be

returned and occupy the position of the function name.
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Processing Requirements.- Thi•s function subprogram shall be performed each

time the function name is encountered with suitable expressions for argu-
ments such as:

ACCEL_ONORBIT (GMD,GMO,DM,VM,ATM,R,V,T)

The ACCEL ONORBIT function is used by the follow_ng:

SUPER G

ONORBIT PRECISE PROP

ONORBIT-SV INTERP

REND COV INIT

PINES METHOD

AVERAGE G INTEGRATOR

Constraints.- The currently functioning propagator and a predictor may need

different acceleration models at the same time. It is therefore necessary

that execution of the acceleration calculations be protected from interrup-

tion by other users.

Supplementary Information.- A suggested implementation of the ACCEL_ONORBIT

in the form of detailed flowcharts may be found in Appendix B under the
names:

ACCEL ONORBIT FUNCTION

ACCEL EARTH GRAV CODE

ACCEL-ONORBIT VENT AND THRUST CODE

SOLAR-EPHEM CODE - -

ONORBIT DENSITY CODE

H ELLIPSOID FUNCTION

ACCEL ONORBIT DRAG CODE

V REL FUNCTION

and the following from Appendix C:

EARTH FIXED TO M50 COORD FUNCTION
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Inlist/Outlist
Internal

Name
! External
! Name

! !
! !
! Input Source !
! !

Output Destination

! ! !

I

! ATM

! DM

! GMD

! GMO

! VM

! R

! T

! V

!

! ATM

! DM

! GMO

! GMD

! VM

! R

!

! V

!

! ATM

! DM

! GMD

! GMO

! R

! T

! V

! ATM

! DM

! GMD

! GMO

! VM

! R

! T

! V

!

!

!

!

! ATFL OV

!IDR 
! IGD

! IGO

! IVENT

! R FILT

! T LAST FILT

! V- FILT

!

! ATFL OV

! IDRAG

! IGO

! IGD

! IVENT

! R FILT

! T CURRENT

! FILT -

! V FILT

!

! ATM

! DM

! GMD

! GMO

! R FIN

! T FIN

! V FIN

! VM

!

! IATM

! IDM

IGD

! IGO

! IVM

! R RESID

! T RESID

! V- RESID

!

!

!

!

! SUPER G !

SUPER G !

! SUPER-G !

! SUPER-G !

! SUPER G !

! SUPER-G !

! SUPER G !
m

! SUPER G !

! !

! SUPER G !

! SUPER G !

! SUPER-G !
m

! SUPER G !

! SUPER-G !

! SUPER G !
b

! SUPER G !

! SUPER G !

! SUPER-G !

! !

! ONORBIT PRECISE PROP !

! ONORBIT-PRECISE-PROP !

! ONORBIT PRECISE PROP !

! ONORBIT-PRECISE-PROP !

! ONORBIT PRECISE PROP !

! ONORBIT PRECISE PROP !

! ONORBIT_-PRECISEIPROP !
! ONORBIT PRECISE PROP !

! !

! ONORBIT SV INTERP !

! ONORBIT SV INTERP !

! ONORBIT SV INTERP

! ONORBIT SV INTERP

! ONORBIT SV INTERP

! ONORBIT SV INTERP

! ONORBIT SV INTERP

! ONORBIT SV INTERP

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

I
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TABLE4.2.3. I .4.- "Continued
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Inlist/Outlist
Internal

Name

ATM
DM
IGD
IGO
VM
R

V

ATM
DM
IGD
IGO
R
T

VM
V

ATM
DM

• GMD
GMO
T

• VM

• R

ATM

DM

IGD

IGO

• R

V

! External

! Name

!

! ATFL OV

!IDR 
! IGD

! IGO

! IVENT

! R FILT

! T CURRENT

! FILT

! V FILT

!

ATFL TV

! DFL

! GM DEG

! GM-ORD

I R TV

! T CURRENT

Input Source

!

! REND COV INIT

! REND-COV-INIT

! REND-COV-INIT

! REND COV INIT

I REND-COV-INIT

! REND-COV-INIT

! REND COV INIT

!

! REND COV INIT

!

! REND COV INIT

! REND-COV-INIT

! REND COV INIT

! REND-COV-INIT

! REND-COV-INIT

! REND-COV-INIT

Output Destination

! FILT -

! VFL TV

!v
!

! ATM

i DM

! GMD

! GMO

! T ACCEL

! X Ito3

! X4to6
!

! ATFL OV
D

! DFL AVG

! GM 5EG LOW
! GM-ORD-LOW

! R AV

! T STATE

! V AV

! VFL OV PRED

!

!

!

!

!

! REND COY INIT

! REND COV INIT

!

! PINES METHOD

! PINES-METHOD

! PINES METHOD

! PINES-METHOD

! PINES METHOD

! PINES-METHOD

! PINES-METHOD

I PINES METHOD

!

! AVERAGE G INTEGRATOR

! AVERAGE G INTEGRATOR

! AVERAGE G INTEGRATOR

! AVERAGE G INTEGRATOR

! AVERAGE G INTEGRATOR

! AVERAGE G INTEGRATOR

! AVERAGE G INTEGRATOR

! AVERAGE G INTEGRATOR

!

I

!

!

!

i
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TABLE 4.2.3.1.4.- Continued

79FMI0

Internal

Name

!
Inlist/Outl_st !

! External !

! Name !
Input Source Output Destination

! !

!

! ATM

! DM
! IGD

! IGO
! R

! V

! VM

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

! ATFL OV
! DFL AVG

! GM DEG LOW

! GM ORD LOW
! R AV

! TIMU

!v-gv
! VFL TV PRED

! !

! !

! !

! !

! !

! !
! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! !

! !

! !

! !

! !
! !

! !

! !

! !

! AVERAGE G INTEGRATOR !
! AVERAGE G INTEGRATOR !

! AVERAGE G INTEGRATOR !

! AVERAGE G INTEGRATOR !

! AVERAGE G INTEGRATOR !

! AVERAGE G INTEGRATOR !

! AVERAGE G INTEGRATOR !

! AVERAGE G INTEGRATOR !

!
!

!

!

!

!

!

!
!

!

!
!

!

!
!

!

!
I

!

!
!

!

!

!

!

!

!

!

!
!

!

.!

!

!
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! Variable Name ! Input Source !
! _ !

Output Destination

! ABM(K = I to 2) ! ** !

! ! !

! ALT L ! ** !

! BM ! ** !

! ! !

! C ! ** !

! ! !

! CBDI ! ** !

! ! !

! CBD2 ! ** !

! CBM2 ! ** !

! CDA ! ** !

! ! !

! C DENSEA ! ** !

! ! !

! CDF ! ** !

! ! !

! CDN I ** !

! ! !

! CDS ! ** !

! ! !

! COS LAG ! ** !

! ! !

! CURR ORB MASS ! ONORBIT RENDEZVOUS !

! - - ! NAV_SEQUENCER ,* - !
! ! !

!% ! EARTH FIXED_TO_M50 !
! ! COORD_T) !

! EARTH MU ! ** !
D

! ! !

! EARTH RADIUS GRAV ! ** !

! ! !

! EXP SHAPE FACTOR ! ** !
! ! !

! GDIE ! ** !

! ! !
! KFACTOR t ** • t

! ! !

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!

*See P.F. I/O tables of section 4.2

**Initialization parameters, see section 4.7

tThe function value of EARTH_FIXED TO M50_COORD(T) is used
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: ! !

! Variable Name ! Input Source !

! ! !
Output Destination

! ! !

! LOC ! ** !

! ! !

! LOSKI ! ** !

! ! !

! LOSK3 ! ** !

! ! !

! LOS R ! ** !

! ! !

! LOS ZERO I ** !

! ! !

! M BODYM50 ! NAV ONORBIT RENDEZVOUS !

! ! !

! OMEG C ! ** !

! ! !

! PHASE C ! ** !

! ! !

! PRED ORB AREA ! *** !

! ! !

! PRED ORB CD ! *** !

! ! !

! PRED ORB MASS ! *** !

! ! !

! REF ORB AREA ! ** !

! ! !

! RREF ! ** !

! ! !

! S ! ** !

! ! !

! SHUTTLE FILTER FLAG ! ** !
m

! ! !

! SIN LAG ! ** !

! ! !

! TARGET AREA ! ** !

! ! !

! TARGET CD ! ** !

! ! !

! TARGET MASS ! ** !

! ! !

! TFOFF ! ** ,* !

! ! !

! ! !

*See P.F. I/O table of sections 4.1, 4.2, 4.3, 4.4 and 4.5

**Initialization parameters, see section 4.7

***See Onorbit Drecision _t_t_ p_+_ p F T_
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! !
! Variable Name ! Input Source

!
! TFON
!
! UNMODACCBIAS

Output Destination

! **,*
!

_ _ _ ! OPS2 OR8 INITIALIZE,
! ! RENDNAVEXIT,
! ! U A BIAS-AND_COVINIT,
! ! RENDBIAS ANDCOVPROP,
! ! REND_-NAV_FILTER,*-
! !
! _VFORCE ! ** ,*
! !
! ZONAL ! **
! !
! t !
! !
! !
I !
! !
! !
! !
! ALT SS !
! !
! D SS !
! !
! G CENTRAL !
! !
! VENTSS !
! !
! R !
! !
! V !
! !
! T !
! !
I !
I% !V REL
! !
! % ! H ELLIPSOID

n.

! !

! !

AVERAGE G INTEGRATOR,

ONORBIT SV INTERP,

PINES_METHOD,

REND_COVINIT,

SUPER_G,
ONORBIT PRECISE PROP

_gN

NNtt,

PINES METHOD

JmJ

H_ELLIPSOID,V _REL

V REL

EARTH FIXED TO M50

COORD (T)

!

!

!

!

f

!
t

t

t

t

!

!

!

!

!

!

!

f

!

t

t

!

!

t

!

!

!

!

!

t

!

!

!

!

!

t

f

!

!

*See P.F. I/O tables of sections 4.1, 4.2, 4.3, 4.4 and 4.5

**Initialization parameters, see section 4.7

***See P.F. I/O tables of section 4.2

%Only the value of the function is passed
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4.2.3.1.4.1. Altitude above the reference ellfpsoid (H_ELLIPSOID)

Altitude above the Earth's reference ellipsoid in M50coordinates w_ll be deter-
mined using the H ELLIPSOIDfunction.

A. Detailed Requirements.- Altitude above the Earth's reference ellipsoid will

be calculated each time the statement H ELLIPSOID (R) is encountered. Here
R _s the vehicle M50 position vector. The value of altitude above the

Earth's reference ellipsoid will be determined using the following:

H_ELLIPSOID(R) :

IRf
(I - ELLIPT) EARTH-RADIUS-EQUATOR

_I + ((I-ELLIPT) 2 - I) (I - (UNIT(R)'EARTH POLE) 2)

where ELLIPT, EARTH_RADIUS_EQUATOR, and EARTH_POLE are constants defined in

section 4.7 (Initialization parameters).

B. Interface Requirements.- The input and output data are shown in table

4.2.3.1.4.1. It should be noted that only the value of H ELLIPSOID _s
m

passed.

C. Processin5 Requirements.- The H, ELLIPSOID function will be processed each

time the function name is encountered with a suitable expression for the

argument such as: H ELLIPSOID (R). The H ELLIPSOID function is used by the

following.

ACCEL ONORBIT

D. Constraints.- None

m. Supplementary Information.- A suggested implementation of the H ELLIPSOID

function in the form of a detailed flowchart may be found in Appendix B
under the name:

H ELLIPSOID FUNCTION
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TABLE 4.2.3.1.4.1.- H ELLIPSOID INPUT/OUTPUT
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!

! R

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!

Inl_st/Outlist

Internal
Name

! External

! Name
!

! R

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

I

!
!

Input Source

!

! ACCEL ONORBIT

! _ONORgIT DENSITY

! CODE)

!

!

!

!

!

!

!

I

!

!

!

!

!

!

!

!

!

Output Destination

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

l

!

!

!

!

!

!

l
l
!
!
l
!
!
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Variable Name
! !
! Input Source !
! !

Output Destination

!
! EARTHPOLE
!
! EARTH_RADIUSEQUATOR
!
! ELLIPT
!
It
!
!
!

! !
! ** ! !
! ! !
! ** ! !
! !
! ** ! !
! !
! ! ACCELONORBIT !

! ! !
! ! !
! ! !
! ! !
! ! !
! ! !
! ! !

I ! !
! ! !
! ! !
! ! !
! ! !
! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
! ! !

! ! !

**Initialization parameters, see section 4.7

tThe value of H_ELLIPSOID only is passed to output _e._ti_tion
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4.2.3.1.4.2 Earth relative velocity computation (V REL)

The velocity vector relative to the Earth but expressed in M50 coordinates will

be determined using the V REL function.

A. Detailed Requirements.- The function is activated whenever the statement

_REL(V,R) is encountered. The function arguments are the M50 velocity

vector (V) and M50 position vector (R). The vector V REL is determined by

the following:

V _REL(V,_R) = V - EARTH_RATE (EARTH_POLE x R)

where EARTH RATE and EARTH POLE are constants defined _n section 4.7

(InitializaTion parameters3.

B. Interface Requirements.- Tne input and output data are shown in table

4.2.3.1.4.2. It should be noted that only the value of V REL is passed.

C.. Processing Requirements.- The V REL function will be processed each time

the function name is encountered with a suitable expression for the argu-

ments such as V _REL(V,R). The V REL function is used by ACCEL_ONORBIT

D. Constraints.- None

E • Supplementary Information.- A suggested implementation of the V REL func-

tion in the form of a detailed flowchart may be found in Appendix B under
the name:

V REL FUNCTION
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TABLE 4.2.3. I.4.2.- V REL INPUT/OUTPUT
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' R

Internal

Name

! ! !

Inlist/Outlist ! ! !

! External ! Input Source ! Output Destination !

! Name ! ! !
! ! ! !

! R ! ACCEL ONORBIT ! ,

! ! (ACCEL ONORBIT DRAG ! !

! ! CODE) - - _ !

! ! ! !
! V ! ACCEL ONORBIT , ,

! ! _ACCEL ONORBIT DRAG ! !

! ! CODE) ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !

!
!
!
! V
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
!
!
!
!
!
!,
!
!
!
!
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Variable Name
!

! Input Source !
!

Output Destination

! !
! EARTHPOLE !

p

! !

! EARTH RATE !

! t !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! !

! !

! !

!

!

!

!

!

! ACCEL ONORBIT

! (ACCEL ONORBIT DRAG

! CODE)

!

!

!
!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

**Initialization parameters, see section 4.7

tV REL value only _s passed to output destinations
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4.2.3.2 Powered Flight Propagation (SUPER_G)

During powered flight navigation phases, the equations of motion used for

Orbiter state propagation have the form of a Taylor series truncated at the term

in h 3 where h is the step size. The integration scheme used, called SUPER G

is an improved version of the AVERAGE_G method, containing a correction cycle.

During phases in which short arcs of powered flight may be connected by short

arcs of free flight, this integration method shall be in effect throughout. The

only difference is that during powered-flight arcs non-gravitational accelera-

tions shall be measured by the IMU's whereas in free flight arcs they shall be
modeled.

A. Detailed Requirements.-

I , The SUPER_G subfunction shall be invoked whenever the following state-
ment is encountered:

CALL: SUPER G

Upon initiation of SUPER_G, an initial total acceleration, G _INT, will

be calculated by the ACCEL ONORBIT function as:

_INT = ACCEL ONORBIT (IGD,IGO,IDRAG, IVENT,ATFL_OV, R FILT,
V FILT, T LAST FILT)

where the function arguments are the appropriate flag settings (that is,

the degree and order of the gravitational potential model, drag mode,

vent mode, and attitude mode flag settings), current position vector,

current velocity vector, and previous time.

, Next the position vector is advanced using the current position and ve-

locity vectors, the time interval DT_FILT, initial acceleration vector

_INT calculated in the previous step, and the value of DVFILT:

R FILT = R FILT + DT FILT

{_ _FILT + .5 (DVFILT _ DTFILT G _INT))

3. Find a new value of the total acceleration vector, based on the advanced

position vector, velocity vector, and time tag:

_NEW = ACCEL_ONORBIT(IGD,IGO,IDRAG,IVENT,ATFL_OV,R FILT,

FILT, T CURRENT FILT)

4. The vehicle velocity vector is corrected using an average total accelera-

tion difference.

V FILT = V_FILT + DV_FILT + .5 DTFILT (G_NEW + G_INT)

5. Finally, the vehicle position vector is corrected by:
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The velocity and position vectors calculated in steps 4 and 5 constitute

the required propagated state.

Interface Requirements.- The _nput and output required for the SUPER G

subfunction are listed in table 4.2.3.2. Required inputs for use of-the

ACCEL_ONORBIT function are given in section 4.2.3.1.4.

Processing Requirements.- The SUPER G subfunction is called by the

following:

ONORBIT REND R V STATE PROP

Constraints.- The SUPER G subroutine will be called to integrate the Orbiter

state vector during .no'bit powered flight.

Supplementary Information.- A suggested implementation of the SUPER G

subroutine, in the form of a detailed flowchart, is presented in Appendix B

under

SUPER G
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Variable Name
: !
! Input Source !
! !

Output Destination

!

D

!

! ATFL OV

!

! DT FILT

!

! DV FILT

!

!

! IDRAG

!

!

! IGD

!

!

! IGO

!

!

! IVENT

!

!

! R FILT

!

!

!

!

!

!

!

!

!

!

!

! T CURRENT FILT
m

!

! T LAST FILT

!

!

!

!

! ACCEL ONORBIT

!

! **

!

! ONORBIT REND R V STATE

! PROP

!

! ONORBIT REND R V STATE

! PROP

!

! ONORBIT REND R V STATE

! PROP

!

! ONORBIT REND R V STATE

! PROP

!

! ONORBIT REND R V STATE

! PROP

!

! ONORBIT REND R V STATE

! PROP

! ONORBIT REND R V STATE

! PROP,

! ONORBIT REND AUTO

!

! !

! ACCEL ONORBIT !

! !

, !

! !

!

! !

! !

! !

! ACCEL ONORBIT !

! !

! !

! ACCEL ONORBIT !

! !

! !

! ACCEL ONORBIT !

! !

! ACCEL ONORBIT !

! !

! !

! REND_NAV_INTERP, !
! REND BIAS AND COV PROP, !

! COV__AST_RESET, - !

! INFLIGHT UPDATE, ! REND COV INIT,

! REL NAV I)ISPLAY UPDATES, ! REND-NAV-FILTER,

! REND NAV FILTER

!

!

!

!

!

!

! REL NAV DISPLAY !

! UPDATES_ - '

! ONORBIT REND R V STATE !

! PROP,
I

! ACCEL ONORBIT,*,

! ! SHUTTLE_RESET !

! NAV_ONORBIT_RENDEZVOUS ! ACCEL_ONORBIT !
! ! !

! *,ONORBIT_REND R V STATE! ACCEL_ONORBIT !

! PROP ! !

! ! !

! ! !

! ! !

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7

_Only the v_1,,_ _? Arr_ n_n_T_ Is _oo_
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Variable Name ! Input Source ! Output Destination !
! !

! !

! V FILT
!

!

!
!

! !

! !

! !

! !

! G NEW !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! ONORBIT REND R V STATE ! REND NAV INTERP, !

! PROP, - - ! REND-BIAS AND COY PROP,!
! ONORBIT REND AUTO ! COV LAST _ESET, - !

! INFLIGHT UPDATE, - ! REND COV INIT, !
!

! RELNAV_DISPLAY_UPDATES,! REND-NAV-FILTER,
! REND NAV FILTER ! REL NAV DISPLAY !

! UPDATES_ ONORBIT REND R!
I! V STATE PROP,

! ACCEL ONORBIT,*, !

! SHUTTLE RESET !

! !

! REND_BIAS AND_COV_PROP, !
! * !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

*Onorbit/Rendezvous principal function, see section 4.2
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4.2.4 Unmodeled Acceleration State and Covariance Matrix Pro__a__ati__o9
(REND_BIAS_ AND COV_PROP_

The unmodeled acceleration state and covariance matrix propagation subfunction

will be executed only during the rendezvous navigation phase and will be sched-

uled by the Onorbit/Rendezvous control subfunction, ONORBIT_RENDEZVOUS_NAV, at

an N CYCLE multiple of the state propagation rate. The rate at which th_s

subfunction is executed will be called the filter subcycle rate. The following

tasks will be performed during each execution.

If IMU sensed accelerations were used at any time during the previous

covariance propagation interval but are not used at all during the cur-

rent propagation interval, or if IMU sensed accelerations were not used

at all during the previous covariance propagation interval but are used

at some time during the current propagation interval then the unmodeled

acceleration bias vector as well as the unmodeled acceleration portions

of the covariance matrix are reinitialized.

- The unmodeled acceleration bias vector will be propagated to current time

as an exponentially correlated random variable (ECRV).

- A 13-by-13 covariance matrix, E, shall be propagated to current time

by using a state transition matrix.

- Additive process noise will be incorporated into the covariance matrix to

account for unmodeled state and dynamic errors.

Finally, a flag (NAV_MEAS) is set to ON, to allow measurement incorpora-

tion, only if the magnitude of the IMU sensed acceleration vector is

below a design dependent threshold.

The 13-by-13 state transition matrix _ is mathematically defined as the par-

tial of the current state with respect to the previous state. For propagation

of the filter vehicle covariance matrix, _ will be formulated as shown below.

! ! !

! 7 O_xn__ !

! PHI 6x9 ! !

! 7 O_xn_. !
: ! ! !

! 03x6 I PHI_UNMOD_ACC ! 03x 4 !
! . ! !

! 04x6 ! Onx__J ! PHI BIAS !
! ! ! !

_.

State Transition Matrix Composition
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The submatrices "I to 9, 10 to 13'are null matrices.
_7 to 9, I to 6' and

79FMI0

_I0 to 13, I to 9

The state noise matrix, NOISE,shall be formulated as shownbelow. The matrix
is to be used to account for unmodeledstate errors, unmodeledacceleration
errors, and sensor bias errors.

NOISE

m

! ! ! !

! ! ! !

! S 6x6 ! 0 6x3 ! 0 6x4 !
! ! ! !

! ! ! !

! 0 3x6 ! SUNMOD_ACC ! 0 3x4 !
! ! ! !

! ! ! !

! 0 4x6 ! 0 4x3 !_S_BIAS !
! ! ! !

State Noise Matrix Composition

The submatrices NOISE I to 6, 7 to 13,.NO ISE 7 to 9, 10 to 13, NOISE 7 to 9,1 to 6,

and NOISE 10 to 13, I to 9 are null ma%rlces.

The above formulations for both the state transition and the state noise

transition matrices were made for clarity and code efficiency•

The unmodeled acceleration state and covariance matrix propagation subfunction

will also propagate the unmodeled acceleration bias states as ECRV's.

A. Detailed Requirements.- The following steps shall be performed:

I • If there has been a change in the value of the COV PWRD FLT flag

(COV PWRD FLT = ON indicates that the sensed delta-velocity has

exceeded a threshold value since the previous covariance propagation

cycle) since the last filter cycle, then reinitialize the unmodeled
acceleration states.

a. EXECUTE: UNMOD ACC REINIT CODE

(I) Zero the unmodeled acceleration state portions of the

covariance matrix.

(2)

E 7 to 9, I to 13 = 0.0

E I to 13, 7 to 9 = 0.0

Set up the time constants and variances as a function of

the COV PWRD FLT flag.

- If the sensed delta velocity is above the threshold
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(COVPWRD_FLT : ON), then

TAU UNMOD ACC COY : TAU U A PWRD FLT

VAR-UNMOD-ACC-= VAR U A PWRD FLT-

COV ACCEL UVW INIT = COV U A PWRD FLT

- If the sensed delta velocity is less than or equal to the

threshold (COV PWRD FLT = OFF), then

TAU UNMOD ACC COV : TAU U A COAST

VAR UNMOD ACC = VAR U A COAST

COV ACCEL-UVW INIT = COV U A COAST

(3) Reinitialize the unmodeled acceleration biases and the

unmodeled acceleration slots of the covariance matrix.

- If the Shuttle is the filter vehicle (SHUTTLE_FILTER FLAG

= ON), then

CALL: U A BIAS AND COVINIT

IN LIST:- R FILT, V FILT

(Refer to section 4.2.4.1 for detailed requirements.)

If the target is the filter vehicle (SHUTTLEFILTERFLAG
= OFF), then

CALL: U A BIAS AND COVINIT

IN LIST: R TV, V TV

(Refer to section 4.2.4.1 for detailed requirements.)

(4) Save the last value of COV PWRD FLT.

COV PWRD FLT LAST = C0V PWRD FLT

Compute the change in time since the last covariance propagation

subcycle

DT COV = T CURRENT FILT - T COV LAST

where T COV LAST is the time of the last covariance matrix propagation

subcycle. Also TOT ACC, the total acceleration vector for the Shuttle,

shall be calculated for use in the state vector interpolation routine

TOT ACC = G NEW + DV COV/DT COV F3

where DV COV is the total accumulated sensed delta velocity since the

time of the last covariance matrix propagation subcycle and G _NEW is

the Shuttle acceleration vector.

Fq Th_s eoust_on shsll h_ n_mt_of_H :mm_:f _,,_- hy sere (Poee-en_c 3 _ o)
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The SHUTTLE FILTER FLAG is tested to determine which vehicle is used

to calculate the 6[by-6 submatrix, PHI I to 6, I to 6 (_I to 6. to 6 ),
composed of the filter vehicle position and velocity portion 0flthe

total state transition matrix. This submatrix is calculated by calling

the mean conic partials subfunction (described in section 4.2.4.2).

a. If the Shuttle is the filter vehicle

(SHUTTLE FILTER FLAG = ON)

(I) CALL: MEAN CONIC PARTIAL TRANSITION MATRIX 6x6

IN LIST: R LAST, _V _LAST, TOT ACC_LAST, R _FILT, V _FILT,

TOT ACC, DT COV

(2)

OUT LIST: PHIl to 6, I to 6

Compute a UVW to mean of 1950 transformation matrix for the

Shuttle for use in the state noise formulation.

MAT = UVW TO M50 (R FILT,V _FILT)

(Refer to section 4.10.10 for a detailed description.)

The current inertial Orbiter vehicle acceleration shall be

saved for the next filter subcycle

TOT ACC LAST : TOT ACC

b. If the target is the filter vehicle

(SHUTTLE_FILTER_FLAG : OFF)

(I) CALL: MEAN CONIC PARTIAL TRANSITION MATRIX 6x6

IN LIST: R TV LAST, V TV LAST, G

_TV, DTCOV

TV LAST, R _TV, V _TV,

(2)

OUT LIST: PHIl to 6, I to 6

Compute a UVW to mean of 1950 transformation matrix for the tar-

get vehicle for use in the state noise formulation.

MAT = UVW TO M50 (R _TV,V _TV)

(Refer to section 4.10.10 for a detailed description.)

The current inertial target vehicle acceleration vector shall

be saved for the next filter subcycle.

G TV LAST = G TV
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Calculate a scalar, PHI UNMOD ACC, which will be stored into the diago-

nal elements of the unmodeled acceleration bias portion of the state

transition matrix (_ 7 to 9, 7 to 9 )

CC = exp L--F-DTCOV/TAU UNMOD_ACCCOV ] F2PHI_ UNMOD A
_J

A value used to compute the remainder of the PHI matrix is also

calculated.

DIAG : TAU UNMOD ACC COV (I. - PHI UNMOD ACC)

where DIAG is in mean of 1950 coordinates.

The unmodeled acceleration bias states shall be propagated as ECRV's as
follows:

UNMOD ACC_BIAS : exp[-DT_COV/TAU_UNMOD_ACC_STATE]" _UNMOD ACC_BIAS F2

Calculate a 3-by-3 diagonal matrix S_UNMOD_ACC (NOISE 7 to 9,7 to 9 )
composed of the unmodeled acceleration errors where

S UNMOD ACC I = VAR UNMOD ACCI(I. - PHI UNMOD ACC 2) (for I = I to 3)
S-UNMDD-ACC _IMAT S-UNMOD-ACC MAT T - -

and MAT is the UVW to mean of 1950 coordinate transformation matrix for

the filter vehicle.

7. Calculate a 6-by-3 submatrix, PHI I to 6,7 to 9 !¢ I to 6,7 to 9), composed
of two 3-by-3 diagonal submatrices that correlate the position and veloc-

ity with the estimated unmodeled accelerations where

PHI I+3,I+6 = DIAG

PHI I,I+6 = TAU_UNMOD_ACC COV (DT COV_DIAG)

(for I = I to 3)

8. Calculate a vector, PHI BIAS, which will be stored into the diagonal

elements of the sensor bias portion of the total state transition

matrix ($ 10 to 13,10 to 13).

PHI_BIAS I : exp [-DT_COV/TAU_SENS I ]

(for I = I to 4) F2

F2 This equation shall be protected against floating point underflow (Ref. 3.6-2).
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Calculate a vector, S _BIAS, which will be stored into the diagonal ele-

ments of the sensor bias portion of the total state noise matrix (NOISEIo

to 13,10 to 13)

S BIAS I = VAR_SENS I (I. - PHI BIASI 2)

(for I = I to 4)

10. Propagate the covariance matrix

EXECUTE:

a.

PHI E PHI TRANSPOSE CODE

I TEMPI to 13,1 to 6 = El to 13,1 to 9 PHIT
E _ T TEMPJ,I+ 6 = EJ,I+ 6 PHI_UNMOD ACC (for I=I to 3,J=I to 13)

TEMPj,K+ 9 = Ej,K+ 9 PHI_BIAS K (for J=1 to 13,K:I to 4)

b. (El to 6,1 to 13 = PHI TEMPI to 9,1 to 13

¢ E ¢ T IEI+6' J = PHI_UNMOD ACC TEMPI+6, J (for I=I to 3,J=I to 13)

EK+9, J = PHI BIAS K TEMPK+9, J (for J=1 to 13,E=I to 4)

c. ¢ E ¢ T {E 7 to 9,7 to 9 = E7 to 9,7 to 9 + S UNMOD ACC

+ NOISE I - -
EK+9,K+ 9 = EK+9,K+ 9 + S_BIAS K (for K=I to 4)

d. If IMU sensed acceleration data have been used (COV PW_D FLT=ON)

since the last covariance matrix propagation subcycle, then

(I) Reset the COV_PWRD_FLT flag

COV PWHD FLT = OFF and

EXECUTE: PWRD FLT NOISE CODE

- Calculate a 6-by-6 matrix S (NOISE I to 6,1 to 6 )
composed of misalinement errors:

$4, 4 : DV COV32 + DV_COV22

$5, 5 : DV_COVI 2 + DV_COV32

$6, 6 = DV_COVI 2 + DV_COV22

$4, 5 = -DV COV I DV_COV 2

$4,6 : -DV-COVI DV-COV3

4
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(2)

$5,6 = -DV-COV2 DV-COV3

$6, 5 : $5, 6

$6, 4 = $4, 6

$5, 4 = $4, 5

$4 to 6,4 to 6 = (VAR_IMU_ALIGN) S4 to 6,4 to 6

$I to 3,4 to 6 = 0.5 (DT_COV) S4 to 6,4 to 6

$I to 3,1 to 3 = 0.5 (DT_COV) S I to 3,4 to 6

Add the powered flight noise to the covariance matrix

e.

E1to6,1to 6 : Elto6,1to 6 + S

Test the flag NOISY NAV MEAS to see if the sensed contact accelera-

tion has exceeded the measurement threshold

(I) If NOISY NAV MEAS = ON

- Reset NOISY NAV MEAS to OFF for the next covariance

matrix propagation subcycle.

- Reset the measurement ACCEPT/REJECT counters. (See section

4.1.2.2.1.2)

CALL: DISPLAY COUNT INIT

(2) If NOISY NAV MEAS : OFF

- Set the flag NAV MEAS to ON so that the sensor measurements

may be incorporated on the current filter subcycle.

11. As a final step in the covariance propagation, the entire 13-by-13

covariance matrix shall be made symmetric:

Ej, I = EI, J (for I = Ito12, J = I+Ito13)

Interface Requirements.- The input and output data are shown in table 4.2.4.

Processing Requirements.- The subfunction is called by NAV ONORBIT

RENDEZVOUS (section 4.2.1).

Constraints.- Either uplinked or mission dependent data are to be used for

initialization. The propagated matrix must remain symmetric.

S__upplementarr_z_ Information.- A suggested inplementation in the form of

detailed flowcharts can be found in Appendix B under the following names:
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Variable Name
! !
! Input Source !
! !

Output Destination

!
! COVACCELUVWINIT
!
! COVPWRDFLT
!
!
! COV PWRDFLT LAST

! COVU A COAST
!
! COVU A PWRDFLT

m

!

! DV COV

!

!

! E
!

!

! G NEW

!
!

! G TV

!

!
!

! G TV LAST
!

!

! NOISY NAV MEAS
!

!

! PttIlto6,1to6
!

!

! R FILT

!

!

!

!

! !

! ! U A BIAS AND COVINIT

! !

! NAV_ONORBIT_RENDEZVOUS, !
! * !

! !

! * !

! !

! ** !

! !

! ** !

! NAVONORBITRENDEZVOUS, !
! COV LAST RESET,* !

! COVINITUVW, SETUP,
! REND NAV FILTER,

! REND-COV-INIT ,U_A_BIAS_
! AND COVINIT,*

! ONORBIT REND R V STATE

! PROP ,SUPER_G
!

! ONORBIT REND R V STATE

! PROP
!

!

! REND COV INIT,*
! - - ! TRANSITION-MATRIX 6x6

! !

! NAV_ONORBITRENDEZVOUS, !
! * !

! !

! MEAN CONIC PARTIAL !
! TRANSITION-MATRIX 6x6 !

! !

! ONORBIT REND R V STATE ! MEAN CONIC PARTIAL

! PROP,SUPER_G
!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

! !

! REND_NAVFILTER,* !
! !

! !

! !

! !

! !

! !

! !

! MEAN CONIC PARTIAL !

! TRANSITION MATRIX !

! 6x6 !

! !

! MEAN CONIC PARTIAL !
!

!

!
!

!

!

!

!

!

- ! TRANSITION_MATRIX__x6, !

! UVW TO M50,U_A_BIAS !
! AND COVINIT !

! !

! !

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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, !
! Variable Name ! Input Source

!
! Output Sestination !
! !

! !
! R _LAST ! COVLAST_RESET,*

! !
! R TV ! ONORBITRENDR V STATE
! ! PROP
' !
! !
! !
! R TV LAST ! COV_LASTRESET,*
! !
! !
! SHUTTLEFILTERFLAG ! **

! TAUSENS ! SETUP,**
! !
! TAUU A COAST ! **
! !
! TAUU A PWRD FLT ! **

! !

! TAU UNMOD ACC COY ! *
I !

! TAU UNMOD ACC STATE ! **

! !

! T_COV_LAST i COV_LAST_ RESET ,*

! T CURRENT FILT i NAV ONORBIT RENDEZVOUS

! TOT ACC_LAST ! REND_COV_INIT,*
!

I I

i _UNMOD_ACC_BIAS i U_A_BIAS AND_COVINIT,

! ! REND_NAV_FILTER ,*
! !

I !

I !

' 7

! !

! !

! !

! !

! !

! MEAN CONIC PARTIAL !
! TRANSITION-MATRIX 6x6 !

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6x6, !

! UVW TO M50,U A BIAS !
! AND COVINIT !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6x6 !

!

! !

! !

! !

! !

! !

! !

! !

! !

! !

.'

! !

' !

! !
! !
! !

,

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6x6 !

! !

! REND NAV FILTER,ACCEL_ !
! ONORBIT, _ !

l l
l l
l l
l l
l l
l l
l l
l l
l !

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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Variable Name Input Source
,
! Output Destination !
!

!
! VARIMU ALIGN
!
! VARSENS
!
! VARU A COAST
!
! VARU A PWRDFLT
!
! VARUNMODACC
!
! V FILT
!
!
!
!
! V LAST
!
!
! V TV
!
!
!
!
! V TV LAST
!

!

! t

!

! DT COV

!

!

!

!

!

!

!

!

!

!

!

!

!

! **

!

! SETUP

!
! **

!

!

_J

! *

!

! ONORBIT REND R V STATE

! PROP, SUPER G
!

!

!

! COVLAST_RESET,*
!

!

! ONORBIT REND R V STATE
! PROP

!

!

!

! COV_LAST_RESET ,*
!

!

! UVW TO M50
!

!

!

!

!

!

!

!

!
!

!

!

! !

! !

!

! !

! !

!

! !

! !

! !

! !

! !

! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6x6, !

! UVW TO M50_UA_BIAS_ !
! AND COVINIT !

! !

! MEAN CONIC PARTIAL !
! TRANSITION-MATRIX 6x6 !

! !
! MEAN CONIC PARTIAL !

! TRANSITION_MATRIX 6x6, !

! UVW TO M50,UA_BIAS_
! AND COVINIT !

! !

! MEAN CONIC PARTIAL !
! TRANSITION-MATRIX 6x6 !

! !

! !

! !
! MEAN CONIC PARTIAL !

! TRANSITION-MATRIX 6x6, !

! ONORBIT SV INTERP,* !
! !

! !
! !
! !

! !
! !

! !
! !

! !

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
tValue returned from the function
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! Variable Name ! Input Source
! !
! Output Destination !
! !

! !

! NAV MEAS !
p

! !

! TOT ACC !

! !

! !

! !

! !

! !
! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !
! NAV ONORBIT RENDEZVOUS !

! !

! MEAN CONIC PARTIAL !
! TRANSITION-MATRIX - !

! 6x6,REND_N'AV_INTERP,* !

! !
! !
! !
! !
! !
! !
! !
! !
! !
! !
! !
! !
! !

! !
! !
! !
! !
! !
! !
! !
! !
! !
! !
! !
! !
! !

! |
! !

! !

! !

_Onorbit/Rendezvous principal function, see section 4.2
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4.2.4.1 Unmodeled Acceleration Bias and .Covariance Initialization

(UA_BIAS_AND_COVINIT)

The initialization subfunction initializes the unmodeled acceleration bias

states and the corresponding elements of the covariance matrix whenever the

covariance matrix is reinitialized or whenever the unmodeled acceleration b_as

and covariance propagation subfunction has detected a change _n the value of the

flag COVPWRD_FLT, which indicates whether the magnitude of the IMU sensed ac-

celeration has exceed the threshold value DA THRESHOLD on the current covar_ance

propagation subcycle.

A. Detailed Requirements. This subfunction is called with the following inter-
nal variables in the IN LIST:

IN LIST: R,V

where R and V are the input position and velocity vectors of the filter vehi-
cle in mean of 1950 coordinates.

The following steps shall be performed (in the order indicated):

I. Zero the unmodeled acceleration bias states

UNMOD ACC BIAS = O.

2. Compute the UVW to mean of 1950 coordinate transformation matrix

MUVW_M50 = UVW TO M50 (R,V)

(refer to section 4.10.10 for a detailed description).

3. Initialize the unmodeled acceleration bias slots of the covariance

matrix to _nit_a] UVW values and transform to mean of 1950 coordinates,

B°

EI+6,I+ 6 = COVACCELUVW INIT I (for I = I to 3)

E7to9,7to 9 = M_UVW_M50 E7to9,7to 9 MUVW_M50 T

Interface Requirements. The input and output data are shown in table 4.2.4.1.

C. Processing R_quirements. This subfunction is called by

REND BIAS AND COV PROP

COVINIT U-VW - -
(section 4.2.4) and by

(section 4.1.2.2.1.1)

D. Constraints. Mission dependent (ILOAD) data are used for initialization.

E. Supplementary Information. A suggested implementation in the form of a

detailed flowchart may be found in Appendix B under the name of U A BIAS
AND COVINIT.
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Internal
Name

Inlist/Outlist ! !
! External ! Input Source !
! Name ! !

Output Destination

R

R

R

' R

!

! R FILT

! V FILT

!

! R TV

! V TV

!

!

!

!

!

!

7

!

!

!

!

!

!

!

!

!

!

!

COVINIT UVW _

! COVINIT-UVW ! !

!REND BIAS AND COV PROP!

!REND BIAS AND COV PROP! !

! ! '

!REND BIAS AND COV PROP! !

!R END- B IAS-AND- COV-PRO P ! !

! ! !
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TABLE 4.2.4.1._ Concluded

! ! "

! Variable Name ! Input Source !

! ! !

! ! !

Output Destination

!
!COV ACCEL UVW INIT !REND NAV INIT, •
.... !REND_BIA_ANDCOVPROP,*___ __ !!
! !

!% !UVW TO M50

! !
!

iE7to9, !7to9

! !

!M UVW M50 !
! !

!R !
!- !

!UNMOD ACC BIAS !
! !

! !
! !

!V !
!- !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! !

! !

I !

! !

! !

! !

! !

!

!

! !

! !

!REND BIAS AND COY PROP, !
!REND-NAV FILTER ,*-***, !

! !

!COVINIT UVW !

!UVW TO M50 !
! !

!REND BIAS AND COV PROP, !

!ACCEL ONORBIT,RENDNAV_ !
UtJ !!FILTER, *,

!UVW TO M50 !
! !

! !

! !

! !
! !

! !

! !

!

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

%Value returned from the function

*Onorbit/Rendezvous principal function, see section 4.2
***Onorbit/Rendezvous Nay SeQuencer principal function= see sectio, 4oi
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4.2.4.2 Position-Velocity Submatrix of the State Transition Matrix

(MEAN_CONIC_PARTIALTRANSITION_MATRIX_6X6)

This subfunetion computes a 6 by 6 submatrix (PHI_MC) of a larger state transi-

tion matrix for use in propagating the covariance matrix• This subfunction is

also invoked by the rendezvous navigation interpolation subfunction for use in

calculating the partial derivative vector.

A. Detailed R___e_ulrements. This subfunction is called with the following inter-

nal variables in the INLIST and OUTLIST:

INLIST: R _ONE, V ONE, 9 ONE, R _TWO, V _TWO, G TWO, DELTIM

OUTLIST: PHI MC

where

R ONE

V ONE

G ONE

R TWO

V TWO

G TWO

DELTIM

initial position vector

initial velocity vector
initial total acceleration vector

final position vector

final velocity vector

final total acceleration vector

time step

The following steps shall be performed (in the order indicated):

I • A formulation is used that assumes that a mean conic section may be used

to describe the path taken between the initial position and velocity

(R....ONE and V ONE) at initial total acceleration (9 _ONE) and the final

position and velocity (R TWO and V _TWO) at final total acceleration

(9 _TWO) over a time step DELTIM.

The following local variables are computed:

R ONE INV I I: ./ R _ONE I F3
R TWCINV: I./I _TWOl
D ONE = R ONE " V ONE

D-TWO = R TWO " V -TWO

. The ergodic semi-major axis SMA, is computed by using the average of the

reciprocal of the semi-major axis derived from combination of the respec-

tive vis-viva computations at the initial and final orbital states, and

is given by:

SMA = I./(R_ONE INV + R TWO INV - (V ONE • V ONE +

_TWO " V TWO)/-2. EARTHMUI -- F3

F3 This equation shall be protected against division by zero (Reference 3.6-3)•
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where EARTH MU is the Earth's gravitational constant. The Stumpff con-

stant, CI, predicated on the mean conic semi-major axis, is computed by:

CI = SQRT (SMA)/SQR EMU F4

The F_ANDG subfunction is then invoked to compute the F and G func-

tions, the derivatives of F and G, as well as the auxiliary variables

SO, $I, $2 and $3. These quantities are fundamental to the computation

of the mean conic transition matrix.

CALL: F AND G

IN LIST: SMA,DELTIM,CI,R _ONE,R_ONEINV,R_TWOINV,V _ONE,DONE,DTWO

OUT LIST: F,G,FDOT,GDOT,S0,SI,S2,S3,R _TWO,R_TWO_INV,THETA

For this case, R _TWO and R_TWOINV are not updated since R TWOINV is

supplied as a non-zero quantity. However, THETA, the eccentric anomaly

angle, is generated as an output in any case.

4. Compute auxiliary constants:

•

FMI = F-I

GDMI = GDOT-I

$I = CI $I

C2 : CI 2

CONST = C2 (EARTH_MU C2 (3. $3 CI-$I $2) + G $2)

$2 : C2 $2

which represent common functionals and Stumpff series summations for cir-

cular or elliptical orbits.

The partial derivatives are now calculated. The equation for the par-

tial derivatives are written algebraically for clarity, with Ro

representing R _ONE, R representing R _TWO, Ro representing V _ONE,
°° °°

representing V _TWO, Ro representing G _ONE, R representing G _TWO, f

representing F, g representing G, f representing FDOT, g representing

GDOT and U representing CONST, as well as having lower case letters

representing the scalar magnitude of the respective upper case letter
vectors.

F4 This equation shall be protected against square roots of a negative number

(Reference 3.6-4).
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F3

DR

PHI_MC4 to 6, I to 3 : _- = - f
O

I SO I I
r r° r to2

S I + (g - 1)/r
RRoT

RRoT F3

+ [ f $I + (f - 1)/ro] _ Ro T
r o

÷ f s2_ RoT

• ° °.

+fI+URRo T

DR If $I + (g - 1)/r]=--- =- RRo T
PHI_MC4 to 6, 4 to 6 3R ° r

F3

(g - I) S 1

r
R Ro T + f $2 R Ro T

°°

+ (g - I) $2 R Ro T + g I - U R Ro T

F3 This equation shall be protected against d_vision by zero (Reference 3.6-3).
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Certain recurring groups of symbols maybe collected to facilitate ease of
coding and minimization of error. Each3-by-3 submatrix of the 6-by-6
matrix PHI_MCresults from the summationof 3-by-3 matrices generated by the
dyadic product of groups of vectors of length three.

B. Interface Requirements. The input and output data are sho_ in table
4.2.4.2.

C. Processing Requirements. This subfunction is called by the foil.wing
subfunctions:

REND BIAS AND COV PROP (section 4.2.4)

REND NAV INTERP (section 4.2.8.1.1)

D. Constraints. None

m. Supplementary Information. A suggested implementation in the form of a

detailed flowchart may be found in Appendix B under the name of MEAN CONIC
PARTIAL TRANSITION MATRIX 6X6. - -

4-187



79FMI0

TABLE4.2.4.2.- MEANCONICPARTIALTRANSITIONMATRIX6X6 INPUT/OUTPUT

Internal
Name

! ! !
Inl_st/Outl_ st ! ! !

! External ! Input Source ! Output Destination !

! Name ! ! !

! ! ! !

!DELTIM

!G ONE

!G TWO

!R ONE

!R TWO

!V ONE

!V TWO

!

!DELTIM

!G ONE
m

!G TWO

!R ONE

!R TWO

!V ONE

IV TWO

!DELTIM

!G ONE

!G TWO

!R ONE

!R TWO

!V ONE

!V TWO

!

!DELTIM

!G ONE

!G TWO

!R ONE

!R TWO

IV ONE

!V TWO

!

!

!

!

!

!

!

!

I

!

!DT COV !REND BIAS AND COV PROP! !

!TOY ACC LAST !REND-BIAS-AND-COV-PROP! !

!TOT ACC- !REND-BIAS-AND-COV-PROP! !

!R LAST !REND BIAS AND COV PROP! !

!R - FILT !REND-BIAS- AND-COV- PROP! !

!V LAST !REND-BIAS-AND-COV-PROP! !

IV FILT !REND-BIAS- AND-COV- PRO P ! !

! ! ! !

!DT COV !REND BIAS AND COV PROP! !

!G-TV LAST !REND-BIAS-AND-COV-PROP! !

!G TV !R END-BIAS- AND- COV- PRO P ! !

!R-TV LAST !REND-BIAS-AND-COV-RPOP! !

!R TV !REND BIAS AND COV PROP! !

!V -TV LAST !REND-BIAS-AND-COV-PROP! !

IV TV !REND-BIAS- AND-COV-PROP! !

! ! ! !

!DELTAT GO !REND NAV INTERP ! !

!TOT ACC !REND-NAV- INTERP ! I

!A RESID !REND NAV INTERP ! !

!R FILT !REND NAV INTERP ! !

!R - RESID !REND-NAV- INTERP ! !

IV FILT !REND NAV INTERP ! !

!V - RESID !REND-NAV- INTER P ! !

! ! ! !

!DELTAT GO !REND NAV INTERP ! !

!G TV - !REND- NAV-INTERP ! !

!A -TV RESID !REND-NAV- INTERP ! !

!R TV !REND-NAV- INTERP ! !

!R-TV RESID !REND-NAV-INTERP ! !

!V TV !REND-NAV-INTERP ! !

!V TV RESID !REND NAV INTERP ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! l !

! ! ! !

! ! ! !

! ! l l

! ! ! !
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Internal

Name

!

Inlist/Outlist !

! External !

! Name !
Input Source

! !

!

! Output Destination !
! !
! !! ! !

!PHI_MC !PHI1to6, Ito6 !
! ! !

!PHI_MC !PHI!to6, Ito6 !
! ! !

!PHI MC !PHI PATCH !

! ! !

!PHI MC !PHI PATCH !

! ! !
! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
! ! !

! ! !

! ! !

! ! !

!REND BIAS AND COV PROP !
! !

!REND BIAS AND COV PROP !
! !

!REND NAV INTERP !

! !

!REND NAV INTERP !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! !

! !

! !

! !

! !
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! Variable Name ! Input Source !

! _
Output Destination

! EARTH MU ! ** !

! F ! FAND G !

! FDOT ! F-AND-G !

! G ! F-AND-G !

! GDOT ! F AND-G !

!ID_MATRIX 3X3 ! ** !

! _R _TWO ! F AND G !

! R TWO INV ! F AND G !

! S_RE-MU ! - • - !
! SO ! F AND G !

l $I ! F-AND-G !

! $2 ! F-AND-G !

! $3 ! F AND G !

! TH ETA ! F- AND-G !

! ! !

! CI ! !

! DELTIM ! !

! D ONE ! t

! D TWO ! w
_ °

! R ONE ! !

! R ONE INV ! !

! s-m - ! !
! V ONE ! l

! ! !

! 7 !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

F AND G

F ANDG

F-AND-O
F- AND-G

FANDG

F-AND-a
F-AND-G

F-AND-G

FANDG

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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4.2.5 State and Covariance Matrix Updates

The Onorbit/Rendezvous Navigation principal function shall provide for the capa-
bility to perform automatic inflight updates of the Orbiter and/or target posi-
tion and velocities, crew requested covariance matrix reinitialization, and crew
requested state vector transfers• The capability to perform the position-
velocity update of either the Orbiter or target will be handled by the automatic
inflight updates subfunction while the capability to handle crew requests for
state vector transfers and covariance matrix reinitialization will be done by
the RELNAVdisplay updates subfunction.

4.2.5.1 Auto Inflight Updates (ONORBITRENDAUTOINFLIGHTUPDATE)

The auto inflight update shall determine whenan update to the Shuttle or
target state vector is required by the ground, predict the uplinked state
vector to current time, and reinitialize the covariance matrix.

A. Detailed Requirements.

I • If the ground has indicated that the Orbiter vector is uplinked (DO OV

UPLINK = ON) then the following tasks will be performed in the order
indicated.

a. The following parameters are defined preceding a call to the

precise predictor.

PRED ORB MASS : CURR ORB MASS

PRED-ORB-AREA : REF ORB AREA

PRED-ORB-CD = REF ORB CD

GMDP-: GM DEG

GMOP : GM-ORD

DMP = DFL

VMP = VFLOV PRED
m

ATMP = I

PRED STEP = PREC STEP PRED

R PRED INIT = R- GND-

V PRED INIT = V GND

FRED INIT = T GND

T PRED FINAL = T CURRENT FILT

b. Call the predictor to predict the state to current time as described

in section 4.3.

CALL : ONORBIT PREDICT

c. The result of the prediction is saved in the current state vector.

R FILT = R PRED FINAL

V FILT : V PRED FINAL
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d. If rendezvous navigation is active and there _s pot a target vector

uplinked (REND NAV FLAG = ON and DO TV UPLINK = OFF) then ca]] the

rendezvous covariance initialization subfunction, e_escribed _n sec-
tion 4.1.2.2.1.

CALL: REND COV INIT

e. Save the time tag of the current updated state vec or for downlink

T ORB STATE UPDATE = T CURRENT FILT

and set the Orbiter vector uplink flag to OFF.

DO OV UPLINK : OFF

If the ground has indicated that the target vector is uplinked (DO TV

UPLINK = ON) then the following tasks are performed in the order
indicated.

a. If the rendezvous navigation phase is active the following steps

shall be performed.

(I) Setup the call to the precise predictor.

(2)

GMDP : GM DEG

GMOP = GM ORD

DMP = DFL-

VMP = VFLTV PRED
ATMP = ATFL-TV

PRED STEP = PREC STEP PRED

R PRED INIT= R -TV GND

-PRED-INIT : V TV GND

T PRED INIT = T TV GND

T-PRED-FINAL = T CURRENT FILT

Call the predictor to bring the target state to current time as

described _n section 4.3.

CALL: ONORBIT PREDICT

(3) Store the results of the prediction

(4)

R TV = R PRED FINAL

V TV = V PRED FINAL

Call the rendezvous covariance matrix initialization

subfunction to reinltialize the covariance matrix as described

in section 4.1.2.2.1.
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Otherwise, if the rendezvous _hase is not active (REND NAV FLAG

= OFF), store the ground vector for later use.

R TV : R TV GND

V TV = V TV GND

T TV : T TV GND

c. Regardless of the navigation phase, save the time tag of the

current updated target state vector for downlink

T TV STATE UPDATE : T CURRENT FILT

and reset the target vector upl_nk flag to OFF.

DO TV UPLINK = OFF

Interface Requirements. The inputs and outputs for this subfunction
are given in table _.2.5.1.

C. Processing Requirements. This subfunction is called by

Do

E.

NAV ONORBIT RENDEZVOUS (section 4.2.1)

Constraints. None

Supplementary Information. A suggested implementation of this subfunction

is given in Appendix F.

ONORBIT REND AUTO INFLIGHT UPDATE
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! ! !
! Variable Name ! Input Source !
! ! !

Output Destination

! ! ! !
!ATFLTV ! ** ! !
! ! ! !
!ATMP ! ! • !
! ! ! !
!CURRORBMASS !* ! !

! ! ! !

!DFL !** ! !

l l ! l

!DMP l l * l

l l l l

!DO OV UPLINK !*,11 ! * l
! ! ! !

!DO TV UPLINK !*,** ! * l
i ! ! !
!GM DEG !** ! !

! ! ! l

!GMDP ! ! * !

! ! ! l

!GMOP ! ! * !

l ! ! !

!GM ORD I** ! !
l ! ! !

!PRED ORB AREA ! ! * !

l ! ! !
!PRED ORB CD ! ! * !

! l ! l

!PRED ORB MASS ! ! * !
! ! ! !

IPRED STEP ! ! * !

! ! l l

IPREC STEP PRED Ill ! !

! ! ! !

!REF ORB AREA !** ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

l ! l !

! ! ! !

! ! l !

! ! ! !

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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! !

! Variable Name ! Input Source

! !
! !

! Output Destination !
! !

! !

!REF ORB CD !**

! !
!REND NAV FLAG !*

! !

!R FILT !

J !

! !

! !

! !

I !

I !
! !

! !

! !

!R GND !*,**
!-- !

!R PRED FINAL !*

!-- !

!R PRED INIT !

! !

!R TV !
! !
! !
! !
! !
! !

! !
! !

! !
IR TV GND I* **

! !

iT CURRENT FILT !NAV ONORBIT_RENDEZVOUS

! !

iT GND !*,**

! !

iT ORB STATE UPDATE !

! !

! !

! !

! !

! !

! !
! !

! !

!REL NAV DISPLAY UPDATES,!

!REND COV INIT, !
!!REND NAV INTERP,

!REND-NAV-FILTER, !

!SHUTTLE RESET, !
!ONORBIT-REND R V STATE !

!PROP, !
!!COV LAST RESET,*,

!SUPER G - !

! !

! !

! !

! !

!* !

! !

!REL_ NAV DISPLAY_UPDATES, !
I!REND COV INIT,

'REND NAV INTERP, !
• p m

!REND NAV FILTER, !

!TARGET_RESET, !
!ONORBIT REND R V STATE !

!PRO P, !
* I!COV LAST RESET,

! !

! !
!

!

!

!

!

!*
!

!

!

!

!

!

!

!

!

!

!
!
!

!

!

!

!

!

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4_7
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I
! !

! Variable Name !

! !

Input Source

! !

! Output Destination !

!

! !

IT PRED FINAL !

! !

IT PRED INIT !

! !

!T TV !

! !

IT TV GND !*,**

! !

IT TV STATE UPDATE 7

! !

!V FILT !

! !

! !

! !

! !

! !

! !

! !

! !

!VFLOV PRED !**

! !

!VFLTV PRED !**
I

! !

!V GND !*,**

!VMP !

IV PRED FINAL !*

! !

!V PRED INIT !

! !

IV TV !

l !

! !

! !

! !

! !

! !

IV TV GND '* **

! !

! !

!* !

!

1. !

! !

_* !

!

! !

! !

!* !

! !

!REL NAV DISPLAY UPDATES, !

!REN _CO _INIT,- !
!REND NAV INTERP, !

!R END-NAV- FILTER, !

! SHUTTLE_RESET, !
!ONORBIT REND R V STATE !

!PROP, !
I I!COV LAST RESET, ,

!SUPER G - !

! !

! !

! !

! !

! !

! !

!* !

! !

! !

!*

! !

!REL NAV DISPLAY UPDATES,!

,REN C INIT,-
I!REND NAV INTERP,

!REND- NAV- FILTER, !

!TARGET_ RESET, !

!ONORBIT R_D R V STATE !
!!PROP,

I I!COV LAST RESET,

! !

! !

i

I

_Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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4.2.5.2 REL_NAVDisplay Updates (RELNAV._DISPLAYUPDATES)

Th_s subfunction is required to respond to crew request, madevia item entries
on the RELNAVdisplay, to reinitialize the covariance matrix or to perform 8
state vector transfer from the Orbiter state vector to the target state vector,
or vice versa. Th_ssubfunction is exercised on each state vector propagation
cycle by the NAVcontrol logic.

A. Detailed Requirements. The following steps shall be performed (in the order

indicated) in response to crew request while rendezvous navigation is ac-

tive :

I. Turn off the positive feedback flags to the REL_NAV display.

DID COVAR REINIT : OFF

DID ORB TO TGT = OFF

DID TGT TO ORB : OFF

. If the crew requests that the covariance matrix be reinitialJzed then a

flag, DO COVAR REINIT, shall be set,

DO COVAR R EINIT : ON

by the REL NAV display.

a. If DO COVAR REINIT : ON, call the covariance matrix initialization

subfunction-to reinitialize the covariance matrix, to zero the

unmodeled acceleration states, and compute the total filter vehicle

acceleration vector (see section 4.1.2.2.1):

CALL: REND COV INIT

Do The covariance m_trix initialization indicator flag is reset and the

positive feedback flag (to the REL_NAV display) is set as follows:

DO COVAR REINIT = OFF

DID COVAR REINIT : ON

3. If the crew requests a state vector transfer (Orbiter to target), this

shall result in a flag being set,

DO ORB TO TGT : ON

by the REL_NAV DISPLAY.

a . If DO ORB TO TGT = ON, the target state vectors are set equal to the

Orbiter state vectors:
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R TV : R FILT

V TV : V FILT

(i) Call the covariance matrix initialization subfunction to

reinitialize the covariance matrix, to zero the unmodeled accel-

eration states, and compute the total filter vehicle accelera-

tion vector (see section 4.1.2.2.1):

CALL: REND COV INIT

(2) The flags indicating the Orbiter-to-target state vector trans-

fer and the positive feedback (to the REL NAV display) shall be
set:

DO ORB TO TGT : OFF

DID ORB TO TGT : ON

b. If the crew requests a state vector transfer (target to Orbiter),

this shall result in a flag being set,

DO TGT TO ORB : ON

by the REL_NAV d_splay.

(1) If DO_TGT TO ORB = ON, the Orbiter state vector shall be set

equal to the target state vector:

R FILT : R TV

V FILT : V TV

(2) Call the ,-'ovariance matrix initialization subfunction to

reinitial_ce the covariance matrix, to zero the unmodeled accel-

eration state, and compute the total filter vehicle accelera-

tion vector (see section 4.1.2.2.1):

CALL: REND COV INIT

(3) The flags indicating target-to-Orbiter state vector transfer

and the positive feedback (to the REL_NAV display) shall be
set:

DO TGT TO ORB : OFF

DID TGT TO ORB = ON

Interface Requirements. Input and output parameters are listed Jn table
.2.5.2.
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mo

NAV ONORBIT RENDEZVOUS (section 4.2.1)

Constraints. Covariance matrix reinitia]ization as we]] as the state vector

transfer must be activated via crew input to the REL_NAV display and only

while the Rendezvous Navigation principal function is active.

Supplementary Information. A suggested implementation in the form of a

detailed flowchart can be found in Appendix B under the name:

REL NAV DISPLAY UPDATES
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Variable Name

! !

! Input Source !
!

Output Destination

!

!DID COVAR REINIT
b

!

!DID ORB TO TGT
!

!DID TGT TO ORB
!

!DO COVAR REINIT

!

!DO ORB TO TGT

!

!DO TGT TO ORB
!

!R FILT
!-- --

!

I

!

!

!

!

!R TV
!-- --

!
!

I

!

!
!

IV FILT

!
!

I

I

I

!

!

!

!

!

!

!

! !

!** !*

!** !.

! !

!** !.

! !
!* !

7 !
!* !

! !

!* !

! !

!ONORBIT REND R V STATE !*,REND_COV_INIT,

!PROP,ONORBIT_RENDAUTO- !COV LAST RESET,

!ZNFLIGHT_UPDATE,SUPERbG !SHUTTLE_RESET,

! !REND_NAV_INTERP,
! !REND NAV FILTER,
! IONORBIT REND R V STATE

! !PROP,SUPER_G
! !

!ONORBIT REND R V STATE !*,REND_COV_INIT,
!PROP, ONOR BIT_ REND_AUTO_ !COV_LAST_ RESET,

!INFLIGHT_UPDATE !TARGET_RESET,
! !REND NAV INTERP,
! !REND-NAV-FILTER,
! !ONORBIT REND R V STATE

! !PROP

!ONORBIT REND R V STATE !*,REND COV INIT,

!PROP,ONORBIT_REND AUTO- !COV LAST RESET,

 INFLIaHTUPDATE, UPER3G!SHUTTLE ESET,
! !REND NAV_INTERP,

!REND-NAV FILTER,

!SUPER. G,-
!ONORBIT REND R V STATE

D

!PROP

!

!

!

!

I

!

!
!

!

7

!

!
!
!

!
!

!

I
!
!
!
!
!
!
!

!
!

!
!
!

!
!
!
!
!
!
!
!
!
!
!

!
!

!

*Onorbit/Rendezvous principal function, see section 4.2
**Initialization parameters, see section 4.7
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! ! ! !
! Variable Name
!

! Input Source ! Output Destination !
! ! !

! ! ! !
!V TV !ONORBITRENDR V STATE !*,REND_COV_INIT, !
!- - !PROP,ONORBIT_RENDAUTO !COV_LAST_RESET, !

I
! !INFLIGHT UPDATE !TARGET RESET, .
, t - IREND N-AV INTERP, I

I I IREND NAV FILTER, '

! ! !ONORBIT REND R V STATE !

! ! !PROP !

l ! ! !

! ! l !
! ! ! !

! l ! l
! ! ! !
! ! ! !
! ! ! !
! ! ! !
l ! ! l
! l l l
l ! ! !
! ! ! !
! ! ! !
! ! ! !
l ! l l
! ! l l
! l l !
! ! ! !
l ! ! !
! ! l !
! ! l l
! l ! l
! ! ! !
! ! ! !
! ! ! !
! ! l !
l ! l l
l ! ! l
l ! ! !
! ! ! !

!! ! !
! l ! l
l ! l l
! l l l
! ! ! !
! ! ! l

*Onorbit/Rendezvous principal function, see section 4.2
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The rendezvous sensor measurement selection subfunction shall perform the follow-

ing tasks when _n the rendezvous navigation phase, when the magnitude of the IMU

sensed accelerations are below a predetermined threshold, and when on a covari-

ance propagation cycle.

- Supply certain positive feedback flags to the REL NAV display

- Select the proper rendezvous sensor navigation measurement incorporation

subfunctions (section 4.2.8) to process the sensor angle data

Select the type of data processing by the rendezvous navigation Kalman

filter, REND NAV FILTER (sec. 4.2.8.1.2). Data are used to compute sta-

tistical parameters for display only, or data are used to update the

state and covariance matrix as well as for the statistical computations

Select the proper type of edit criteria to be used by the rendezvous navi-

gation filter, REND NAV_FILTER (section 4.2.8.1.2), !n the bilevel edit
test which determines if data are to be edited

Reset the AUTO/INHIBIT/FORCE (AIF) flags so that a FORCE will be in ef-

fect for only one navigation filter cycle without being reset by the
crew

A. Detailed Requirements.

I . The rendezvous sensor measurement selection subfunction initially sets

certain positive feedback display parameters and then sets other appro-

priate flags to OFF so that the selection tasks are correctly accom-

plished. The following flags are required to be initialized upon each
execution of the _,,_ezvous sensor measurement selection subfunction.

a. Certain posit:v_ , feedback flags are defined for the REL NAV display.

RDOT AIF DISPLAY = RDOT AIF

RANGE AIF DISPLAY = RANGE AIF

ANGLES AIF DISPLAY : ANGLES AIF

b.

DOING MEAS ENABLE = MEAS ENABLE

In order for this subfunct_on to properly select the appropriate

rendezvous sensor navigation measurement incorporation subfunction

for the proper angle set, the follow_ng flags (DO NAV flags) are ini-

tially set to OFF.

DO RR ANGLES NAV = OFF

DO ST ANGLES-NAV = OFF

DO COAS ANGLES NAV = OFF
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c. In order to properly process and record the type of processing of

the data, the following flags are initially set to OFF.

(I) Statistical processing flags

RDOT STAT = OFF

ST ANGLES STAT = OFF

COAS ANGLES STAT = OFF

RANGE STAT _ OFF

RR ANGLES STAT = OFF

(2) EDIT OVERRIDE flags for the bilevel edit test

RANGE EDIT OVERRIDE = OFF

RDOT EDIT OVERRIDE = OFF

RR ANGLES-EDIT OVERRIDE = OFF

ST-ANGLES-EDIT-OVERRIDE = OFF

COAS ANGLES EDIT OVERRIDE = OFF

(3) A 4-d_mensJonal array to record the type of processing of the

data by the rendezvous sensor navigation measurement incorpora-
tion subfunction

SENSOR EDIT = OFF

Next, a local flag (MEAS_STAT) is set to control measurement processing

for statistical display purposes when in Major Mode 202.

a. MEAS STAT : ON when MEAS ENABLE : OFF and MM 202 : ON. This will re-

sult in measurement processing proceeding as if all the measurement

AIF flags are set to INHIBIT, i.e., measurements are only used to

compute statistical parameters for display purposes.

Do MEAS STAT : OFF when MEAS ENABLE = ON or _ 202 = OFF. This will re-

sult-in the measurement data being processed in the nominal manner.

The RANGE AIF switch and the MEAS STAT flag are tested to appropriately

set the RANGE_STAT flag and the R_LNGE_EDIT_OVERRIDE flag.

a. If either RANGE AIF = INHIBIT or MEAS STAT = ON then

RANGE STAT : ON

resulting in the range measurement being processed for statistical

d_splay only.

b, If RANGE AIF is not set to INHIBIT and MEAS STAT = OFF then the

RANGE AIF flag _s tested.
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(I) If RANGE AIF = FORCE then

RANGE EDIT OVERRIDE : ON

so that the edit criteria will be relaxed for the bilevel resid-
ual edit test.

Next, the RDOT_AIF switch and the MEAS_STAT flag are tested to

appropriately set the RDOT STAT flag and the RDOT_EDIT OVERRIDE flag.

a• If either RDOT AIF = INHIBIT or MEAS STAT = ON then

RDOT STAT = ON,

resulting in the range rate measurement being processed for statisti-
cal display only.

b • If RDOT AIF is not set to INHIBIT and MEAS STAT = OFF then the RDOT
p

AIF flag Js tested.

(I) If RDOT AIF = FORCE then

RDOT EDIT OVERRIDE : ON

so that the edit criteria will be relaxed for the bileve] resid-

ual edit test.

The RR ANGLES ENABLE switch is tested to see if the rendezvous radar

angle set has been selected by the crew.

a. If RR ANGLES ENABLE = ON then set

DO RR ANGLES NAV = ON

so that the proper initialization procedure will take place for the

angle data, and the rendezvous radar angles measurement incorporation
subfunction will be executed.

(i) Next, the ANGLES AIF switch and the MEAS STAT flags are tested

to set the RR_ANGLES_STAT flag and the RR_ANGLES_EDIT_OVERRIDE
flag.

- If e_ther ANGLES AIF : INHIBIT or MEAS STAT = ON then

RR ANGLES STAT = ON,

resulting in the rendezvous radar angle measurements being

processed for statistical display only.

If ANGLE3 AIF is not set to INHIBIT and MEAS STAT = OFF the

ANGLES A[F flag is tested for a FORCE value.-
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If ANGLES AIF = FORCE then

RR ANGLES EDIT OVERRIDE = ON

so that the edit criteria will be relaxed for the bilevel re-
sidual edit test.

If RR_ANGLES_ENABLE is not ON then the ST ENABLE switch is tested to

see if the star tracker angles set has been selected by the crew.

(I) If ST ENABLE = ON then set

DO ST ANGLES NAV : ON

so that the proper in_tialization procedure will take place for

the angle data and the star tracker measurement incorporation
subfunction will be executed.

Next, the ANGLES_AIF switch and the MEAS STAT flags are

tested to set the ST_ANGLES_STAT flag and the ST ANGLES EDIT
OVERRIDE flag. - - -

If either ANGLES AIF : INHIBIT or MEAS STAT : ON then

ST_ANGLES_STAT : ON,

resulting in the star tracker angle measurements being

processed for statistical display only.

If ANGLES AIF is not set to INHIBIT and MEAS STAT = OFF

the ANGLES_AIF flag Js tested for a FORCE va_ue.

If ANGLES AIF = FORCE then

ST ANGLES EDIT OVERRIDE = ON

so that the edit criteria will be relaxed for the bilevel re-
sidual edit test.

If RR_ANGLES ENABLE : OFF and ST ANGLES ENABLE = OFF then the COAS

angle data set is assumed to be enabled_ thus

DO COAS ANGLES NAV : ON

so that the proper initialization procedure will take place for the

angle data and the COAS measurement incorporation subfunction will
be executed.

(i) Next, the ANGLES AIF switch and the MEAS STAT flags are tested

to set the COAS_ANGLES_STAT flag and the-COAS_ANGLES_EDIT_
OVERRIDE flag.
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- If either ANGLES AIF = INHIBIT or MEAS STAT = ON then

COAS ANGLES STAT = ON,

resulting in the COAS angle measurements being processed for

statistical display only.

If ANGLES AIF is not set to INHIBIT and MEAS STAT = OFF the

ANGLES AIF flag is tested for a FORCE value.

If ANGLES AIF : FORCE then

COAS ANGLES EDIT OVERRIDE : ON

so that the edit criteria will be relaxed for the bilevel re-

sidual edit test.

The RANGE_AIF flag is tested so that a FORCE value will be acknowledged

for one navigation cycle without being reset be the crew.

a. If RANGE AIF = FORCE then

RANGE AIF : RANGE AIF LAST.

where the RANGE AIF LAST flag is a local flag which records the last

non force value-of The RANGE AIF flag.

b. If RANGE AIF is not equal to FORCE then

RANGE AIF LAST : RANGE AIF.

7. Next, the RDOT AIF flag _s tested for the same reasons as given in 6.

a. If RDOT AIF _s n,_t equal to FORCE then

RDOT AIF = RDOT AIF LAST.

b. If RDOT AIF is not equal to FORCE then

RDOT AIF LAST = RDOT AIF.

8. Finally, the ANGLES AIF flag is tested similarly to 6 and 7.

a. If ANGLES AIF = FORCE then

ANGLES AIF LAST : ANGLES AIF.

b. If ANGLES AIF Js not equal to FORCE then

ANGIES AIF LAST : ANGLES AIF.
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Interface Requirements. The input and output parameters for this subfunc-
tion are indicated in table 4.2.6.

Processing Requirements. The sensor measurement selection subfunction shall

be performed only when on a covariance propagation cycle and when the IMU

sensed accelerations are below a design dependent threshold (MEAS_THRESHOLD),

i.e., NAV MEAS = ON. This subfunction is called by the onorbit/rendezvous

trunk logic, ONORBIT_RENDEZVOUS_NAV, and shall be executed before the sensor

measurement initialization subfunction, REND NAV SENSOR INIT.

Constraints. The RANGE AIF_LAST, RDOT AIF LAST and ANGLES AIF LAST flags
need to be initialized to INHIBIT. - - - -

S__upplementary Information. A suggested implementation of this subfunction

may be found in the Appendix B flowchart

REND SENSOR SELECT.
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(

Variable Name ! Input Source ! Output Destination

! !

!ANGLES AIF !

!ANGLES AIF LAST !

! !

!MEAS ENABLE !

! !

!MM 202 !

!RANGE AIF !

! !

!RANGE AIF LAST !

! !

!RDOT AIF !

! !

!RDOT AIF LAST !

! !

!RR ANGLES ENABLE !

!ST ENABLE !

! !

!ANGLES AIF DISPLAY !

! !

!COAS ANGLES EDIT !

!OVE_IDE - - !

! !

!COAS ANGLES STAT !

! !

!DO COAS ANGLES NAV !

! !

!DOING MEAS ENABLE !

! !

! !

! , !

! !

! !

! !

! !

! 7

! *

!

!

!

! *

!

!

!

!

!

!

! *

I

! COAS NAV

!

!

! COAS NAV

!

!REND NAV SENSOR INIT,*

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

*Onorbit/Rendezvous princ!p_l function I/O Table, table 4.2

**Initialization parameters, see section 4.7
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! ! ! !

! Variable Name !

! !

Input Source ! Output Destination !

! !

! !

!DO RR ANGLES NAV !

! !

!DO ST ANGLES NAV !

! !

! !

!RANGE AIF DISPLAY !
! !

!RANGE EDIT OVERRIDE !
! !

!RANGE STAT !
! !

!RDOT AIF DISPLAY !

! !

!RDOT EDIT OVERRIDE !

!RDOT STAT !!RR_ANGLES EDIT OVERRIDE !
! !

!RR ANGLES STAT !
! !

!SENSOR EDIT !
! !

! !

!ST ANGLES EDIT OVERRIDE !

!ST ANGLES STAT !

! !

! !

! !

! !

! !

! !

! !

D ' '! !
! !
! !
! !

! !
! !
! !

!

!REND_NAV SENSOR INIT, !

!NAVONORBIT_RENDEZVOUS,*!
! !

!REND NAV SENSOR INIT, !

,NAV ONORBIT RENDEZVOUS,* '

! !

! * !

! !

!RRDOT NAV !
! !

!RRDOT NAV !

! !
! * !

! !

! RRDOT NAV !
! !

!RRDOT NAV !

! !
!RR ANGLE NAV !

! !

!RR ANGLE NAV !

! !

!MEAS PROCESSING !
!STATISTICS REND, * !
! !

!STAR TRACKER NAV !
! !

!STAR TRACKER NAV !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! !
! !

! !

! !
! !

*Onorbit/Rendezvous principal function I/O Table. t_b]e 4,P

4-209



79FMI0

4.2.7 Sensor Measurement Initialization _REND_NAV SENSOR INIT)

This sensor measurement initialization subfunetion shall be invoked on each

covar_ance propagation subcycle and when the IMU sensed accelerations fall bo]ow

a design dependent threshold (MEAS THRESHOLD). The reJnitia]_zation of the

sensor bias portion of the state vector and covariance matrix shall be performed

upon entering rendezvous navigation, whenever the measurement type configuration

has changed to include new measurements, or when an automatic in-f]_Kht update

or a REL NAV display update occurs while the Onorbit/Rendezvous Navigation p_n-

cipal function is active• The sensor covariance and bias setup subfunction

(section 4.2.7•1) shall be invoked to account for the change in the measurement

status•

A. Detailed Requirements. The following steps shall be performed (in the order

indicated):

I . If the rendezvous radar range and range rate data set was off (DO_RRDOT_

NAV_LAST = OFF) on the previous covariance propagation subcyc]e:

Call the sensor covarJance and bias setup subfunction to reconfigure

the bias portions of the state vector and the covar_ance matrix for

this data set (see section 4.2.7.1)

CALL : SETUP

IN LIST: 2, TAU RRDOT, BIAS_VAR_RRDOT, VAR RRDOT,

RRDOT BIAS INIT

. If the rendezvous radar angle data set has been made available since the

previous covariance propagation subcycle (DO RR ANGLES NAV = ON and DO

RR ANGLES NAV LAST = OFF):

a • Call the sensor covariance and bias setup subfunction to reconfi_ure

the bias portions of the state vector and the covariance matrix for

this data set (_ee section 4.2.7.1)•

CALL: SETUP

IN LIST : O, TAU RR ANGLES, BIAS VAR RR ANGLES, VAR RR

ANGLES, RR ANGLES BIAS-INIT
p

Also set the positive feedback flag to the display for rendezvous

radar angles:

ANGLES ENABLE DISPLAY = 2

b• If the star tracker angle data set has been made available since the

previous covariance propagation subeycle (DO ST ANGLES_NAV = ON and
DO ST ANGLES NAV LAST = OFF):
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Call the sensor covariance and bias setup subfunction to

reconfigure the bias portions of the state vector and the

covariance matrix for this data set (see section 4.2.7.1).

CALL: SETUP

IN LIST: O, TAU ST ANGLES, BIAS VAR ST ANGLES,

VAR ST ANGLES, ST ANGLES BIAS INIT

Also set the positive feedback flag to the display for star
tracker angles:

ANGLES ENABLE DISPLAY = 0

C. If the COAS angle data set has been made available since the

previous covariance propagation subcycle (DO COAS ANGLES NAV =
ON and DO COAS ANGLES NAV LAST = OFF): - - -

Call the sensor covariance and bias setup subfunction to

reconfigure the bias portions of the state vector and the

covariance matrix for th_s data set (see section 4.2.7.1).

CALL: SETUP

IN LIST: O, TAU COAS_ANGLES, BIAS VAR COAS ANGLES,

VAR COAS ANGLES, COAS ANGLES-BIAS-INIT

Also set the positive feedback flag to the display for COAS
angles:

ANGLES ENABLE DISPLAY = I

. Save the current values of the "DO NAV" flags for the next execution of
this subfunction.

DO RRDOT NAV LAST = ON

DO RR ANGLES NAV LAST = DO RR ANGLES NAV

DO ST ANGLES NAV LAST = DO ST ANGLES NAV

DO COAS ANGLES NAV LAST = DO COAS ANGLES NAV

Interface Requirements. The input and output variables for this subfunction

are described in table 4.2.7.

C. Processing Requirements. This subfunction _s called by

NAV ONORBIT RENDEZVOUS (section 4.2.1)

D. Constraints. None

4-211



E°

79FMI0

Supplementar_ Information. A suggested implementation in the form of a

detailed flowchart can be found in Appendix B under the name:

REND NAV SENSOR INIT
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! ! !
! Variable Name ! Input Source !
! ! !

Output Destination

! ! !
!BIAS VARCOASANGLES ! * * !
! ! !
!BIAS VARRRANGLES ! * * !
! ! !
!BIAS VARRRDOT ! * * !
! ! !
!BIAS VARST ANGLES ! * * !
! ! !
!COASANGLESBIAS INIT ! * * !

!DOCOASANGLESNAV !RENDSENSORSELECT !

!DO_COAS_ANGLES_NAV_LAST !REND_COV_INIT, * !
! ! !
!DORR ANGLESNAV !RENDSENSORSELECT !
! ! !
!DORR ANGLES_NAV_LAST!REND_COV_INIT,* !
! ! !
!DORRDOT_NAV_LAST !REND_COV_INIT, * !
! ! !
!DOST ANGLESNAV !RENDSENSORSELECT !
! ! !
!DOST ANGLESNAVLAST !RENDCOVINIT,* !
! ! !
!RR ANGLES BIAS INIT ! * * !

! ! !

!RRDOT BIAS INIT ! * * !

! ! !

!ST ANGLES BIAS INIT ! * * !

! ! !

!TAU COAS ANGLES ! * * !

! ! !

!TAU RR ANGLES ! * * !

! ! !

!TAU RRDOT ! * * !

!TAU ST ANGLES ! * * !

! ! !

!VAR COAS ANGLES ! * * !

! ! !

! ! !

SETUP

SETUP

SETUP

SETUP

SETUP

SETUP

SETUP

SETUP

SETUP

SETUP

SETUP

SETUP

SETUP

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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I I I

I Variable Name I Input Source !
! ! I

l l l

IVAR RR _NGLES I * * !

! I I

!VAR RRDOT ! * * I

i I I

IVAR ST ANGLES ! * * I

i I I

IANGLES ENABLE DISPLAY I !
m

! I l

I ! l
! I I

l l l

l ! I
l l !

l l l

I I l

! I I

! I l

l I l

l l !

I ! I

I I l
l l !

I I !

I l l
I I I

! l !
I l I

I I I

I l l

I ! I

! I l

! ! I

l l I

l ! I

l l !

l i I

I ! l

! I I

l I !

I I I

I ! l

I l I

Output Destination

SETUP

SETUP

SETUP

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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The sensor measurement initialization subfunction (section 4.2.7) shall invoke

the sensor covariance and bias setup subfunction to reconfigure the bias por-

tions of the state vector and the covariance matrix whenever the covariance

matrix initialization subfunction (REND_COV_INIT) has been exercised since the

last covariance propagation subcycle, or when a new measurement set has been

selected since the previous covariance propagation subcycle. New exponentially

correlated time constants and process noise variances are also selected from

premission values for use in the computation of the state transition matrix and

in the addition of process noise.

A. Detailed Requirements. This subfunction is called with the following inter-
nal variables in the IN LIST:

where

INLIST: I, TAU, BIAS_VAR, BIAS_COV_VAR, BIAS_INIT

I is a pointer for the desired measurement set
p

= 0 for all angle data

= 2 for rendezvous range and range rate data

TAU sensor time constants

BIAS VAR sensor bias variances

BIAS COV VAR sensor bias variance terms for the covariance

matrix

BIAS INIT _n_t_al sensor bias

The following steps shall be performed for J = I to 2:

I.

2.

K:I+ J

The state vector is to be reconfigured by setting its bias slots

associated with the new measurement types to premission values. Bias

values of measurement types no longer needed do not have to be zeroed.

TAU_S_S K = TAUj

SENSOR BIAS K = BIAS_INITj

VAR_SENS K = BIAS_VARj
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3. The covariance matrix is to be reconfigured by zeroing the off-diagonal

terms associated with the new measurement type. The diagonal terms are

then set equal to premission variance values of the new measurement type.

The rows and columns associated with the discontinued measurement types

do not have to be zeroed unless they are used by a new measurement type.

E9+K, itol 3 = 0.0

E1to13,9+ K = 0.0

E9+K, 9+ K : BIAS_COV_ VARj

4. The accept/reject counters and the edit ratio of the residual edit test

for each measurement group must be reset to zero for use by the measure-

ment processing statistics subfunction (section 4.2.9).

N_ACCEPT K = 0

N_BEJECT K = 0

SEQ_ACCEPT K = 0

SEQ REJECT K = 0

NAV_SIG K = 0.0

Interface Requirements. The input and output variables for this subfunction
are defined in table 4.2.7.1.

Processin_ Requirements] This subfunction is called by

REND NAV SENSOR INIT (section 4.2.7)

Constraints. None

Supplementary Information. A suggested implementation in the form of

a detailed flowchart can be found in Appendix B under the following name:

SETUP
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!
! Inlist/Outlist
! Internal ! External
! Name , Name

! !
! !
! Input Source !
! !

! ! ! !
!RENDNAVSENSORINIT !

Output Destination

!BIAS COVVAR !VARRRDOT
!
!BIAS INIT

!
!BIAS VAR

!I
!
!TAU
!
!BIAS COVVAR
!
!BIAS INIT
!
!
!BIAS VAR
!
!
!I
!
! TAU
!
!BIAS COVVAR
!
!BIAS INIT

!BIAS VAR
!
!
!I
!
!TAU
!
!BIAS COVVAR

!
!BIAS INIT
!
!
!

! ! !
!RRDOTBIAS !RENDNAVSENSORINIT !
! INIT ! !
! ! !
!BIAS VARRRDOT!RENDNAVSENSORINIT !

!2 !RENDNAYSENSORINIT !
! ! !
!TAURRDOT !RENDNAVSENSORINIT !
! ! !
!VARRR ANGLES!RENDNAVSENSORINIT !
! ! !
!RRANGLESBIAS!RENDNAVSENSORINIT !
! INIT ! !
! ! !
!BIAS VARRR !RENDNAVSENSORINIT !
!ANGLES ! !
! ! !
!0 !RENDNAVSENSORINIT !
! ! !
!TAURRANGLES!RENDNAVSENSORINIT !
! ! !
!VARST ANGLES!RENDNAVSENSORINIT !
! ! !
!ST ANGLESBIAS!RENDNAVSENSORINIT !
! INIT ! !
! ! !
!BIAS VARST !RENDNAVSENSORINIT !
!INGLES ! .... !
! ! !
!0 !RENDNAVSENSORINIT !
! ! !
!TAUST ANGLES!RENDNAVSENSORINIT !
! ! !
!VARCOAS !RENDNAVSENSORINIT !
!ANGLES ! !
! ! !
!COASANGLES !RENDNAVSENSORINIT !
!BIAS-INIT - ! - - - !
! ! !
! ! !
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Internal

Name

I

Inlist/Outlist I

! External I Input Source
I Name I

Output Destination

BIAS VAR

TAU

! I

IBIAS VAR. COAS !REND NAV SENSOR INIT
! GL-ES - -! - - -
I !

I0 IREND NAP SENSOR INIT

ITAU COAS !REND NAV SENSOR INIT
IANGLES

I

I

I

l

!

!

I

!

!

I

I

!

!

!

I

I

I

I

I

I

I

I

I

I

I

I

!
I

!

!

I

I

l

I

I

l

l

l

l

l

l

l

I

l

l

l

l

I

l

l
l

l

l
l

I

l

l

l

l

l

l

l
!

l

l
l

l
l

!

l

l

l

l

I

l

I

l
l
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! !
Variable Name ! Input Source

!
! Output Destination !
!

! !

!E !

! i

! !

!N ACCEPT !

! !

!NAV SIG

,. !

! !

!N REJECT !

! !

!SENSOR BIAS !

! !

! !

! !

! !

!SEQ ACCEPT !

! !

!SEQ REJECT !

!TAU SENS !
! !

!VAR SENS !
!

! !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! !

! !

!!REND NAV FILTER,
'REND-BIAS AND COY PROP, *w

! !

!MEAS PROCESSING !

!STATI STI CS REND, * !
! !

!!RRDOT NAV,

!RR_AN-GLE NAV, !
!ANGLE NAV, !
!MEAS PROCESSING !

!STATI STI CS_R END !

!MEAS PROCESSING !

!STATISTICS REND, * !
! !

l!REND NAV FILTER,

,RRDO _N , !
!RR ANGLE NAV, !

!ANGLE_NAV, * !
! !

!MEAS PROCESSING !

!STATISTICS_ RENDS* !

! !

!MEAS PROCESSING !

!STATISTI CS_REND_* !

! !
!REND BIAS AND COV PROP !

!REND BIAS AND COV PROP !

! !
! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

I !

! !

*Onorbit/Rendezvous Drincipa! function_ see section 2°2
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4.2.8 State and Covariance Measurement Incorporation

This section documents the requirements for the following four rendezvous sensor

navigation measurement incorporation subfunctions:

- Rendezvous radar range and range rate measurements

- Rendezvous radar shaft and trunnion angle measurements

- Star tracker horizontal and vertical angle measurements

- COAS horizontal and vertical angle measurements

Each measurement incorporation subfunction updates the state vector and

covariance matrix with the corresponding rendezvous sensor data using a 13-state

process noise Kalman filter.

4.2.8.1 Rendezvous Radar Range and Range Rate Measurements (RRDOT_NAV)

This subfunction is responsible for the proper processing of the rendezvous

radar range and range rate measurements. This subfunction shall perform the fol-

lowing tasks only when the rendezvous radar is not in the self test mode and the

measurement data is labeled valid.

- Calculate the partial derivative of the measurement with respect to the

estimated state at measurement time

- Compute the estimated measurement and the measurement residual

- Select the proper variances to model the uncorrelated measurement errors

Store the old residual ratio, the EDIT OVERRIDE flag, and the STAT flags

into temporary locations used by the Kalman Filter Updates subfunction
(section 4.2.8.1.2)

- Schedule the Kalman Filter Updates subfunction to process the data

- Store the current residual ratio, the EDIT flag, and the measurement resid-

ual for display purposes

A. Detailed Requirements. The following steps shall be performed (in the order
indicated):

I • If the rendezvous radar is not in the self test mode (SELF_TEST_FLAG =

OFF), then continue with the measurement processing, otherwise exit th_s
subfunction.

a. The time _nterval between the current filter time and the time of

the radar measurement shall be computed:

DELTAT GO : T CURRENT FILT - T REND RADAR
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b. Test to see if the range data is good.

(I) If RNGDATAGOOD= ON, then the measurementinterpolation sub-
function shall be called to interpolate the Orbiter state vector
and the target state vector to the time of the range measurement
(see section 4.2.8.1.1):

CALL: RENDNAVINTERP

REND_NAV_INTERPsubfunction shall also compute an Orbiter or
target patch transition matrix PHI_PATCH,the normalized 1_ne
of sight vector I _RHO,and the magnitude of the relative posi-
tion vector R RHOused in this subfunction.

(2) The rendezvous radar range measurementpartial vector is computed
with the following equations:

BI to 6 : -(PHI_PATCHIto 3, I to 6)TI_RHO

B12 : 1.0

(3) The estimated range measurementand the range measurementresid-
ual are then calculated:

RNG: R_RHO_MAG+ SENSOR_BIAS3

DELO: Q RRRNG-RNG

(4) The variance of the uncorrelated range measurementnoise is
computed:

(5)

VAR = (SIG RR RNG + SLOPE_SIG RR RNG R_RHO_MAG) 2

VAR = MAXIM[_ (VAR, VAR RR RNG_MIN)

The residual test ratio from the previous filter cycle and the

measurement processing control flags shall be set as follows:

RESID_RATIO_OLD = NAV_SIG 3

MANUAL EDIT OVERRIDE : RANGE EDIT OVERRIDE

STAT FLAG = RANGE STAT

(6)

where RANGE EDIT OVERRIDE and RANGE STAT come from the sensor

measurement selection subfunction (section 4.2.6) and the NAV

SIG3 comes from the previous navigation cycle's execution of -

thi§ subfunction as given in the forthcoming step (7).

The Kalman filter update subfunction (section 4.2.8.1.2) shall

then be called to update the state and the covariance matrix:
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CALL: REND NAV FILTER

(7) The measurement edit flag, the residual test ratio, and the

range measurement residual shall then be stored for subsequent

computation of measurement processing statistics, as described

in section 4.2.9:

SENSOR_EDIT 3 = EDIT_FLAG

NAV_SIG 3 = RESID_TEST RATIO

SENSOR_DELQ 3 = DELQ

Test to see if the range rate data is good.

(i) If RDOT DATA GOOD = ON, then the measurement interpolation

subfunction _section 4.2.8.1.1) shall be called to interpolate

the Orbiter state vector and the target state vector to the

time of the range rate measurement:

CALL: REND NAV INTERP.

REND NAV INTERP subfunction shall also compute an Orbiter or

target patch transition matrix PHI_PATCH, the normalized line

of sight vector I _RHO, and the magnitude of the relative posi-

tion vector R RHO used in this subfunction.

(2) The rendezvous radar range rate measurement partial vector is

computed with the following equations:

U RDOT : V RHO/R RHO MAG F3

BI to 3 = _ RHO X (I _RHO X U_RDOT)

B4 to 6 : -I_RHO

BI to 6 = (PHI_PATCH)TBIto6

BI3 : 1.0

(3) The estimated range rate measurement and the measurement resid-

ual are then calculated:

RNG DOT : R _RHO'U _RDOT +SENSOR_BIAS 4

DELQ : Q RR RNG DOT- RNG DOT

where R RHO comes from the interpolation process.

F3 This equation shall be protected against division by zero (Reference 3.6-3).
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(4) The variance of the uncorrelated range rate measurementerror
_s defined:

VAR : VAR RANGE DOT

(5) The residu_] test ratio from the previous filter cycle and the

filter processing control flags shall be set as follows:

RESID_RATIO_OLD : NAV_SIG 4

MANUAL EDIT OVERRIDE : RDOT EDIT OVERRIDE

STAT FLAG : RDOT STAT

where RDOT EDIT OVERRIDE and RDOT STAT come from the sensor mea-

surement selection subfunction (section 4.2.6) and the NAV_SIG 3
comes from the previous navigation cycle's execution of this

subfunction as given in the forthcoming step (7).

(6) The Kalman filter subfunction (section 4.2.8.1.2) shall then be

called to update the state and the covariance matrix:

CALL: REND NAV FILTER

(7) The measurement edit flag, the residual test ratio, and the

range rate measurement residual shall then be stored for subse-

quent computation of measurement processing statistics, as

described _n section 4.2.9:

SENSOR EDIT 4 = EDIT_FLAG

NAV_SIG 4 : RESID_TEST_RATIO

SENSOR DELQ 4 : DELQ

m. Interface Requirements. The input and output variables for the rendezvous

radar range and range rate measurement subfunction are given in table
4.2.8.1.

C. Processing Requirements. This subfunction is called by

NAV ONORBIT RENDEZVOUS (section 4.2.1)

D. Constraints. None

E. S__upplemen__tarZ Information. A suggested implementation in the form of a

detailed flowchart can be found in Appendix B under the name:

RRDOT NAV
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, ! !

! Variable Name ! Input Source !
! ! !

Output Destination

! ! !

!B I !REND NAV FILTER

! ! !

!DELQ ! !REND NAV FILTER
! ! !

!DELTAT GO ! !REND NAV_!NTERP,
! - ! !ONORBIT SV INTERP

! ! !

!EDIT FLAG !REND NAV FILTER !

! ! !

!I RHO !REND NAV INTERP !

! ! !

IMANUAL EDIT OVERRIDE ! !REND NAV FILTER

! ! !

INAV SIG !SETUP !MEAS PROCESSING
D

!- - ! !STATISTICS REND

! ! !

!PHI PATCH !REND NAV INTERP !

! ! !

!Q RR RNG !NAV ONORBIT RENDEZVOUS !

I ! !

!Q RR RNG DOT !NAV ONORBIT RENDEZVOUS !
I ! !

!RANGE EDIT OVERRIDE !REND SENSOR SELECT !

I ! !

!RANGE STAT !REND SENSOR SELECT !

!RDOT DATA GOOD !NAV ONORBIT RENDEZVOUS !

!RDOT EDIT OVERRIDE !REND SENSOR SELECT !

I I !

!RDOT STAT !RF_D SENSOR SELECT !

I ! !

IRESID RATIO OLD ! !REND NAV FILTER

! ! !

IRESID TEST RATIO !REND NAV FIi.TER !

! ! !

!RNG DATA GOOD !NAV ONORBIT RENDEZVOUS !

I ! !

!R RHO !REND NAV INTERP !

! ! !

!R RHO MAG !REND NAV INTERP !

! ! !

!

!

!
!
!

!

!
!

!
!

!

!

!
!

!

!
I

!

!
!

!

!

!

!

!
!

!

!

!
!
!
l

!

!

!

l

I

!

!
l

!

!

!

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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! !
! Variable Name !
, !

Input Source Output Destination

! !

!SELF TEST FLAG !NAV ONORBIT RENDEZVOUS

!SENSOR_BIAS !SETUP, REND NAV FILTER
! !

!SENSOR DELQ !

! !

! !

!SENSOR EDIT !

! !

!SIG RR RNG !**

! !
!SLOPE SIG RR RNG !**

w

!STAT FLAG !

! !

!T CURRENT FILT !NAV ONORBIT RENDEZVOUS
! !

!T REND RADAR !NAV ONORBIT RENDEZVOUS

! !
!VAR !
! !
!VAR RANGE DOT !**

!VAR RR RNG MIN !**

! Y

!V RHO !REND NAV INi_ERP
! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !
! 7

! !

!MEAS PROCESSING !
!STATISTICS REND- !

! !

!MEAS PROCESSING !

!STATISTICS REND_ * !
! !

! !

! !

!REND NAV FILTER !

! !

! !

! !

! !

! !

!REND NAV FILTER !
! !

! !

! ! i

! !

! !
! !

! 7

! !

! !
! !

! 7

*Onorb_t/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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4.2.8.1.1 Measurement interpolation (REND NAV_INTERP)

The rendezvous navigation interpolation subfunction is invoked by the rendezvous

sensor measurement incorporation subfunctions and is responsible for providing

parameters that have been interpolated from current filter t_me back to the ap-

propriate sensor measurement time. Specifically, this subfunctton Js charged

with the following tasks.

Invoke the onorbit state vector interpolation subfunction to interpolate

both the Shuttle and target position and velocity vectors from current

filter time to the time of the measurement

Invoke the mean conic partial transition matrix subfunction to calculate

a patch transition matrix from current filter time to the measurement

time for either the Shuttle or target vehicle, depending on which vehicle

state is to be updated by the Kalman f_Iter

Calculate the relative velocity, relative position recto,, range, and the

line of sight vector between the Shuttle and target. Each of these param-

eters is computed using the interpolated positions and velocities

A. Detailed Requirements. The following steps shall be performed (in the order
indicated_:

I , The Orbiter state vector shall be interpolated to the time of the mea-

surement with the use of the state vector interpolation subfunction as
described in section 4.2.8.1.1.1.

CALL: ONORBIT SV INTERP

IN LIST: R LAST, V _LAST, R _FILT, _V_FILT, DV COV,

IGD, IGO, IDRAG, IVENT, ATFL_OV

OUT LIST: _R _RESID, V _RESID, A RESID

, The target state vector shall be interpolated to the time of the measure-

ment with the use of the state vector interpolation subfunction as
described in section 4.2.8.1.1.1.

CALL: ONORBIT SV INTERP

IN LIST: R TV LAST, V TV LAST, R _TV, V _TV, 2-

GM_DEG, GM_ORD, DFL, VFL_TV, ATFL_TV

OUT LIST: R TV RESID, V TV RESID, A TV RESID

. Next, the SHUTTLE FILTER FLAG _s tested to see if the Shuttle state or
-- D

the target state is to be included in the Kalman filter.

a. If the Shuttle vehicle is the filter vehicle, then the position-

velocity state transition submatr_x subfunct_on is used to construct
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an Orbiter patch transition matrix as described in section 4.2.4.2

for use in the measurement partial calculations.

CALL- MEAN CONIC PARTIAL TRANSITION MATRIX 6X6

IN LIST: R FILT, V_FILT, TOT ACC, R RESID, V _RESID,

_A _RESID, -DELTAT_GO

OUT LIST: PHI PATCH

Do If the target vehicle is the filter vehicle, then the position-

velocity state transition submatrix subfunction is used to construct

a target patch transition matrix as described in section 4.2.4.2 for

use in the measurement partials calculation.

CALL: MEAN CONIC PARTIAL TRANSITION MATRIX 6X6

IN LIST: R TV, V _TV, G _TV, R

A TV RESID, -DELTAT GO

TV RESID, V TV RESID,

OUT LIST: PHI PATCH

The following auxili ary parameters will be calculated for use by the mea-

surement subfunctions.

V RHO : V TV RESID - V RESID

R RHO : R TV RESID - R RESID

R_RHOMAG: I_R_RHOI

I RHO : R RHO/R RHO MAG

Interfac9 R_uirements. The input and output data are shown in table

Processing_Requirements. This subfunction is called by the following
subfunctions:

ANGLE NAV (section 4.2.8.3..I)

RR ANGLE NAV (section 4.2.8.2)

RRDOT NAV (section 4.2.8.1)

Constraints. None

Supp____le__mentaryInformation. A suggested implementation in the form of a

detailed flowchart may be found in Appendix B under the name REND NAV_

INTERP.
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Variable Name

! !

! Input Source !

! !

Output Destination

!

!A RESID

!

!ATFL OV

!

!ATFL TV

!

!A TV RESID

!

!

!DELTAT GO

!

!

!

!DFL

!

!DV COV

!

!GM DEG

!

!GM ORD

!

!G TV

!

!

!IDRAG

!

!

!IGD

!

!

IIGO

!

!

!IVENT

!

!

!PHI PATCH

!

!

!

! !

!0NORBIT SV INTERP !MEAN CONIC PARTIAL

! !TRANSITION-MATRIX 6X6

! !

!** !ONORBIT SV INTERP

! !

!** !ONORBIT SV INTERP

! !

!ONORBIT SV INTERP !MEAN CONIC PARTIAL

! !TRANSITION-MATRI X 6X6

! !

!COAS_NAV, RR_ANGLENAV, !MEAN CONIC PARTIAL

!RRDOT NAV, STAR TRACKER !TRANSITION-MATRIX 6X6

!NAV !

! !

!** !ONORBIT SV INTERP

. _ * !ONORBIT SV INTERP'NAV ONORBIT_RENDEZVOUS,
! !

!** !ONORBIT SV INTERP

! !

I** !ONORBIT SV INTERP

! !

!ONORBIT REND R V STATE !MEAN CONIC PARTIAL

!PROP - - !TRANSITION-MATRIX 6X6

! !

!ONORBIT REND R V STATE !ONORBIT SV INTERP
D

!PROP !

! !

!ONORBIT REND R V STATE !ONORBIT SV INTERP

!PROP !

! !

!ONORBIT REND R V STATE !ONORBIT SV INTERP
m

!PROP !

! I

!ONORBIT REND R V STATE !ONORBIT SV INTERP

!PROP !

! !

!MEAN CONIC PARTIAL !REND ANGLE PARTIALS,

!TRANSITION-MATRIX 6X6 !RRDOT NAV -

! !

! !

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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! ! !
! Variable Name ! Input Source !
! ! !

Output Destination

! ! !

!R FILT !ONORBIT REND R V STATE !ONORBIT SV INTERP,
1- - !PROP, ONORBIT REND AUTO !MEAN CONIC PARTIAL

! ! INFLIGHT_UPDATE, REL NAV_ !TRANSITION_MATRIX_6X6

! !DISPLAYUPDATES, SUPER_G !
! ! !

!R _LAST !COV_LAST_RESET,* !ONORBIT SV INTERP
! ! !

!R RESID !ONORBIT SV INTERP !MEAN CONIC PARTIAL
!- - ! !TRANSITION-MATRIX 6X6

! ! !

!R TV !ONORBIT REND R V STATE !ONORBIT SV INTERP,

!- - !PROP, ONORBIT REND AUTO !MEAN CONIC PARTIAL

! !INFLIGHT UPDATE, REL NAV !TRANSITION-MATRIX _X6
! !DISPLAY UPDATES - -! - -

l l l

IR TV LAST !COV_LAST_RESET,* !ONORBIT SV INTERP
! l !

!R TV RESID IONORBIT SV INTERP !MEAN CONIC PARTIAL
l ! ! TRANSITION-MATRIX 6X6

l l l

!SHUTTLE FILTER FLAG !** !
! ! l
!TOT ACC IREND BIAS AND COV PROP IMEAN CONIC PARTIAL
l- - l .... ITRANSITION-MATRIX 6X6

l l l

IV _FILT IONORBIT REND R V STATE !ONORBIT SV INTERP,
l IPROP, ONORBIT REND AUTO IMEAN CONIC PARTIAL

l !INFLIGHT_UPDATE, REL NAV_I TRAN-SITION-_MATRIX_6X6

l IDISPLAY_UPDATES, SUPER_G l
l l l

IVFL TV !*_ IONORBIT SV INTERP

l ! !

..... * !ONORBIT SV INTERPIV LAST !COV LAST RESET,
l l !

IV RESID IONORBIT SV INTERP !MEAN CONIC PARTIAL
l l !TRANSITION MATRIX 6X6

l ! l

IV _TV !ONORBIT REND R V STATE IONORBIT SV INTERP,
! IPROP, ONORBIT REND AUTO IMEAN CONIC PARTIAL
l !INFLIGHT UPDATE, REL NAV ITRANSITION-MATRIX 6X6
! !DISPLAY UPDATES - -! - -

l l !

!
!
!
l
!
l
!
!
!
!
l
l
!
!
!
!
!
!
l
!
!
l
!
l
l
!
l
!
!
!
!
l
!
l
!
!
!
l
!
!
l
l
!

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters_ see section 4.7
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I

! Variable Name

!

!V TV LAST
!

!V TV RESID

!

, Input Source

.

!C,OV LAST RESET ,*

!ONORBIT SV INTERP
!

Output Destination !
!

! !

!I RHO

! !

!R RHO !

! !

!R RHO MAG !

! !

!V RHO !

! !

! !

! !

! !

! !

! w

! !

! !

I !

! !

! !

! !

! !

! !

! !

! !

!ONORBIT SV INTERP !

! !

!MEAN CONIC PARTIAL !
!TRANSITION- MATRIX 6X6 !

! !

!REND ANGLE_PARTIALS, !
!RRDOT NAV, RR ANGLE NAV !
! !

!REND_ANGLE_PARTIALS, !
!RRDOT NAV !

! !

!REND NAV FILTER, !
!RRDOT NAV !

! !

!RRDOT NAV !
! !

! !

! !
I !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

l I
! I

! !

! !

! !

! !

! I
I I

! !
! !

! !

! !

i

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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The state vector interpolation subfunction shall provide the approximate posi-

tion, velocity, and acceleration of either the Orbiter or target at a specified

time within a given propagation interval given that the position, velocity and

acceleration vectors are known at both ends of the interval.

The time at which vectors are desired is the time of an external sensor measure-

ment, and the purpose of the interpolation is to enable the navigation filter to
calculate measurement residuals at that time.

The method utilized for interpolation shall consist of defining a mean conic on

the basis of positions and velocities of the vehicle in question at both ends of

the propagation interval, and obtaining the desired vectors as if the vehicle

moved along this mean conic. That Is, a calculation shall be made to determine

the point on the mean conic corresponding to the time of the measurement, and

the velocity and position of such a point shall be taken as the state of the

vehicle.

A. Detailed Requirements. This subfunction is called with the following inter-

nal variables in the IN LIST and the OUT LIST:

IN LIST: R _ONE, V ONE, R _TWO, V

IDM, IVM, IATM

_ _TWO, V _IMU_DIF, IGD, IGO,

OUT LIST: R _RESID, V _RESID, A RESID

where

_ONE 1
V ONE

position and velocity of the vehicle at the previous propagation

step;

_TWO 1_TWO
current position and velocity

V IMU DIF difference between IMU accumulated sensed velocities at the cur-

rent time and the previous time

IGD

IGO

IDM

IVM

IATM

flags for the call to the acceleration function ACCEL ONORBIT

(refer to section 4.2.3.1.4 for details of these flags)

The following steps shall be performed (in the order indicated):
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A check of the absolute value of'DELTAT GO (where DELTAT GO is the cur-

rent filter time minus the time of the sensor measurement) against a

premission-specified tolerance level will be performed:

IDELTAT_GOI _ EPS_TIME

a. If it is found that DELTAT GO in absolute value is less than or

equal to the tolerance, the values of the posit_on and velocity of

the vehicle at the current time shal] be used as the state at the

measurement time; the time tag at the measurement instant shall also

be set equal to the current time:

R RESID : R TWO

V RESID : V TWO

T RESID : T CURRENT FILT

b. If, on the other hand, the difference between the time of the mea-

surement and the current time exceeds the tolerance, perform the

following:

(I) Certain parameters associated with the mean conic shall be

obtained

R_TWO_INV : I./IR _TWOI F3

SMA : 1,/(1./1_R _ONEI + R_TWO_INV
- (V _ONE • V ONE

+ V _TWO • V-_TWO)/(2. EARTH_MU))

C1 : SQRT (SMA)/SQR EMU

F3

F4

D TWO : R TWO • V TWO

and the time tag of the state vector at measurement time shall

be set:

T RESID : T CURRENT FILT-DELTAT GO

Additionally, set R_FIN_TEMP_INV : O.

(2) The F and G series subfunction shall then be called (refer to

section 4.2.3.1.3 for the description of this subfunction)

CALL: F AND G
p D

F3 This equation shall be protected against division by zero (Reference 3.6-3).

F4 This equation shall be protected against square roots of a negative number

(Reference 3.6-4).
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OUT LIST:

SMA, -,DELTAT GO, CI, R _TWO, R TWO INV,

R_FIN_TEMP_INV, V _TWO, D_TWO, D_FIN_TEMP

F, G, FDOT, GDOT, SO, $I, $2, $3,

RESID, R_FIN_INV, THETA

The position vector (R _RESID) comes out of this call; the ve-

locity vector (V RESID) does not, but it can be calculated on

the basis of FDOT and GDOT, which are also obtained from the F
and G series call:

V RESID = FDOT R TWO + GDOT V TWO

t Finally, the modeled acceleration shall be obtained by invoking the ac-

celeration function with the position, velocity, and time (determined by

the above process) in the calling arguments and adding the central force

term. The sensed acceleration shall be found by dividing the difference

in accumulated sensed velocities at both ends of the propagation inter-

val by the duration of the interval. Total acceleration will be the
sum of these two.

_RESID = _ACCEL ONORBIT (IGD, IGO, IDM, IVM, IATM, R _RESID,

_RESID, T_RESID) + V _IMU_DIF/DT_COV

(refer to section 4.2.3.1.4 for the description of this subfunction)

Interface Requirements. The input and output data are shown in table
4.2.8.1.1.1.

C. Processing Requirements. This subfunction is called by

m.

E.

REND NAV INTERP (section 4.2.8.1.1)

Constraints. None

S_upplementary Information. A suggested implementation in the form of a

detailed flowchart may be found in Appendix B under the name of ONORBIT SV
INTERP.
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!
!
! Internal
! Name

!
Inlist/Outlist ! !

! External ! Input Source !
! Name ! !

Output Destination

!

!IATM

!IDM

!IGD

!IGO

!IVM

!R ONE

!R TWO
D --

IV IMU DIF

IV -ONE-

IV TWO

!

!IATM

!IDM

IIGD

IIGO

IIVM

IR ONE
m _

!R TWO

IV IMU DIF

IV ONE

IV TWO

!

IA RESID
m

!R RESID

IV RESID
-- m

!

!A RESID

!R RESID

IV RESID

!

!

I

!

I

I

!

!

!

!

!

I

!ATFL OV !REND NAV INTERP

!IDRAG IREND-NAV-INTERP

!IGD !REND-NAV-INTERP

!IGO !REND-NAV-INTERP

!IVENT !REND-NAV-INTERP

!R LAST !REND- NAV- INTERP

!R -FILT !REND-NAV-ZNTERP

!DV- COV !R END- NAV-INTER P

IV -LAST !REND-NAV- INTERP

IV FILT !REND NAV INTERP

! !

!ATFL TV !REND NAV INTERP

!DFL - !REND-NAV-INTERP

!GM DEG !REND NAV INTERP

!GM-ORD !REND-NAV-INTERP

!VF_ TV !REND-NAV-INTERP

!R TV LAST !REND-NAV-INTERP

!R TV !REND-NAV-INTERP

!O .- !REND-NAV- INTERP

IV TV LAST !REND-NAV-INTERP

IV TV !REND-NAV-INTERP

! !

!A RESID !

!R RESID !

!V RESID !

! !

!A TV RESID !

!R TV RESID !

IV TV RESID !

I !

! !

! !

! !

I !

! !

! !

! !

! !

! !

IREND NAV INTERP

IREND-NAV-INTERP

IREND NAV INTERP

I

!REND NAV INTERP

IREND NAV INTERP

REND NAV INTERP
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! Variable Name ! Input Source !

! ! !

! ! !

Output Destinat_ on

!DELTAT GO !COAS_NAV, RR ANGLE NAV,

! - !RRDOT NAV, STAR_TRACKER_

! !NAV

!DT COV !REND_BIAS_AND_COV PROP
p

! !

!EARTH MU !**

! !

!EPS TIME !**

! !

!F ! F_AND G

! !

!FDOT ! F_AND_G

! !

!G ! F_AND_G

! !

!GDOT ! F_AND_G

! !
!R FIN INV ! F_AND G

!

!R RESID ! F AND_G

! !

!SQR EMU ! *
! !

!SO ! F_ AND_G

! !

!$I ! F_AND_G

! !

!$2 , F_AND G

, !

!$3 ! F AND_G
! !

!T CURRENT FILT !NAV_ONORBIT RENDEZVOUS

! !

!THETA ! F AND_G

! !

!t !ACCEL_ONORBIT

, !

!Cl !

! !

! !

!F AND G

!
!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!
!

!
!ACCEL ONORBIT

!

!

!
!

!

!

!

!
!

!

!

!

!

!
!

! FANDG

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
I

l

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7

+Value returned from the f,,_ction
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Variable Name

!
!D FIN TEMP
!
!D TWO
!
! IATM
!
!IDM
!
!IGD
!
!IGO
!
!IVM
!
!R FIN TEMPINV
!
!R TWO

m

!

!R TWO INV

!

!SMA
!

IT RESID

!

IV RESID

IV TWO

!

!

!

!

!

!

!

!

!

!

!

I

!

!

!

!

! Input Source !
! !

Output Destination

!
! FANDG

!

! F AND G

!

[ACCEL ONORBIT

!

!ACCEL ONORBIT

!

!ACCEL ONORBIT

!

!ACCEL ONORBIT

!
!ACCEL ONORBIT

!

! F AND G

!

! FANDG

I

I FAND G

I

! FANDG

!

!ACCEL ONORBIT

!

!ACCEL ONORBIT

!

! FANDG
I

I

!
!

I

I

!

!

!
!

I

I

I

!

!
I
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4.2.8.1.2 Kalman filter updates (REND_NAV_FILTER)

The Kalman Filter Updates subfunction shall be responsible for the processing of

the rendezvous sensor measurement data. If the estimated range between the

Orbiter and target vehicles is greater than or equal to a design dependent mini-

mum range threshold then the Kalman Filter Updates subfunction will perform the

following major tasks.

A bilevel residual edit test will be performed to determine whether the

Kalman filter scheme will be used to update the state vector. This

subfunction shall be able to respond to crew requests to relax the edit

criteria thereby increasing the likelihood of incorporating the measure-

ment data into the state vector.

This subfunction shall be able to update the covariance matrix as well as

the state vector by means of the Kalman update equations. The Kalman

filter scheme shall be modified to allow for underweighting of the

estimated sensor variance and the selective updating of the unmodeled ac-

celeration bias states.

- Finally, the Kalman Filter Updates subfunction shall record the type of

data processing that has occurred for crew display.

A. Detailed Requirements• If measurement data have been judged valid, the

proper measurement subfunction has been executed, and the magnitude of the

relative position vector is greater than or equal to a minimum separation

distance (i.e., R RHO_MAG _ RNG_MIN), the following update equations are to

be computed (in the order indicated):

I • If R RHO_MAG < RNG_MIN, the EDIT_FLAG is to be set to OFF in order to

blank the display. (Note: The measurement subfunction generates the

partial vector, the residual, the magnitude of the relative position

vector, and the a priori variance)

2. If R_RHO_MAG _ RNG_MIN, check the SHUTTLE_FILTER_FLAG.

a. If the target is the filter vehicle (SHUTTLE_FILTER_FLAG = OFF), the

sign is changed on the measurement partials vector.

o

BI to 6 = -BI to 6

The scalar quantity BT E B is to be calculated from the covariance

matrix E and vector measurement partials B,

EB COPY = E B

BT E B : B EB COPY,

where the second equation requires a dot product. The partials vector

shall then be set equal to zero so that subsequent measurement

subroutines will only be required to calculate nonzero elements.
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The quantity MS_DELQ, which represents the expected variance in the mea-

surement, is then to be computed by

MS DELQ : BTE_B + VAR.

If the trace of the filter vehicle posit_on port_on of the covariance

matrix (E 1 1 + E2 2 + E3 _) is greater than a threshold, MS POS UND WGT,
then the d_nomina_or of _e Kalman gains is underweighted in order to im-

prove the transient response of the filter.

MSDELQ : MSDELQ + K_UNDWGT(BTE_B)

The residual test quantity (RESID_TEST) shall be computed for the resid-

ual edit test and for display purposes,

RESIDTEST : (KRES_EDIT) MS_DELQ

where K_RES_EDIT is a premission constant.

6. The residual edit test ratio (RESID_TEST_RATIO) is to be computed

.

0

RESID TEST RATIO : ABS(DELQ)/ RESID TEST.

This subfunction shall also be used to compute the residual test quan-

tity for manually selected sensor types whenever the filter is not

incorporating data. This quantity, together with residuals calculated

by measurement subfunctions, is required for display purposes. A flag

corresponding to the appropriate measurement type shall be set by the

navigation sensor selection task to prevent Kalman filter gain computa-

tions and state and covariance matrix updates under this condition.

at The filter edit flag shall be set to STAT, in this case, to indicate

to the measurement processing statistics subfunction (section 4.2.9)

that data have been computed for display purposes only.

EDIT FLAG : STAT

A residual edit test shall be performed. If the manual edit override is

inactive, the test quantity (TEST VALUE) shall be set equal to 1.0. If,

however, a manual edit override is active, the test quantity will be

altered according to the following equation:

TEST_VALUE = MAXIMUM (RESIDRATIOOLD + DELTARESIDRATIO, 1.0)

where DELTA_RESIDRATIO is a design dependent constant and RESID_RATIO

OLD is the value of the residual ratio for the sensor type being

processed as calculated by the state and covarlance measurement incorpo-

ration subfuncton during the previous navigation cycle.
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9. The edit test (RESID_TEST_RATI0_ TESTVALUE)is performed.

a. If the test fails, the edit flag is set to ONfor crew information.

EDIT FLAG= ON

b. If the measurementsare to be incorporated, then update the state
and the covariance matrix.

EXECUTE:RENDSTATEANDCOV UPDATE CODE

(I) Compute the Kalman filter gain and update and symmetrize the
covariance matrix.

OMEGA = k_ COPY/MS_DELQ F3

EI, I : EI, I - OMEGA I EB_COPY I

EI, J : EI, J - 0MEGA I EB_COPYj

Ej, I = EI, J for I = 1,12 and

J = I+1,13

(2)

Finally, E13,13 : E13,13 - OMEGA I3 EB_COPY13.

If the Shuttle vehicle is the filter vehicle (SHUTTLE FILTER

FLAG = ON), then this subfunction shall update the shuttle

state vector by application of the following equations:

(3)

_FILT = R _FILT + OMEGA I to 3 DELQ

V_FILT = V FILT + OMEGA 4 to 6 DELQ

If the target vehicle is the filter vehicle (SHUTTLE FILTER

FLAG = OFF), then this subfunction shall update the target

state vector by application of the following equations:

(4)

R TV = R _TV + OMEGA I to 3 DELQ

V_TV = V_TV + OMEGA 4 to 6 DELQ

If the unmodeled acceleration bias states are to be updated

(UNMOD_ACC_BIAS_UPDATE_FLAG = ON), then this subfunction shall

update the unmodeled acceleration bias states by application of
the following equation:

UNMOD_ACC_BIAS : _UNMOD_ACC_BIAS + OMEGA 7 to 9 DELQ

F3 The equation shall be protected against d_v_s_on by zero (Reference 3.6-_).
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(5) The sensor bias states shall be updated by application of the

following equation:

SENSOR_BIAS : SENSOR_BIAS + OMEGAI0 to 13 DELQ

where DELQ corresponds to the appropriate measurement residual.

C. If the manual edit override is active (MANUAL EDIT OVERRIDE = ON),
the edit flag is set to FORCED.

EDIT FLAG = FORCED

Otherwise, set the edit flag to PROCESSED.

EDIT FLAG = PROCESSED

Both the FORCED and the PROCESSED conditions result from measurement

incorporation.

It is required that the residual, the residual test quantity (RESID_TEST_

RATIO), and the residual edit flag corresponding to each measurement

subfunction be saved for display purposes.

Interface Requirements. The inputs and outputs for this subfunction are
given in table 4.2.8.1.2.

Processin_ Requirements. This subfunction is called by the following
subfunctions:

ANGLE NAV (section 4.2.8.3.1)

RR ANGLE NAV (section 4.2.8.2)

RRDOT NAV
D

(section 4.2.8.1)

Constraints. None

Supplementary Information. A suggested implementation in the form of

detailed flowcharts can be found in Appendix B under the following names:

REND NAV FILTER
D

REND STATE AND COY UPDATE CODE
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Variable Name

! !

! Input Source !
! !

Output Destination

!

!B
!
l
!
!DELTA RESID RATIO

I

!DELQ
!

!
!E

!

!
!

!

!EDIT FLAG

!

!

!K RESID EDIT

!

!K UND WGT
p

!

!MANUAL EDIT OVERRIDE

I

I

IMS POS UND WGT

!

IRESID RATIO OLD
!

I

!RESID TEST RATIO

I

I

!R FILT

!

!

!

!

!

!

!

!

!

l l

IRRDOT_NAV, RR_ANGLE NAV, !
IREND ANGLE PARTIALS, l
IANGLE NAV- l
l l
l** l
l l

!RRDOT_NAV, RR_ANGLE_NAV, !
!ANGLE NAV !
l

!REND_BIAS AND COVPROP,

!REND_COV_TNIK COVINIT

!UVW, U A BIAS AND

!COVINIT, SETUP
!

l
l

l

!**

l

!**

!

!
!
!
l
l
!
!
!
!

l l
!REND BIAS AND COV PROP,*!

l !

l l

! !

l l

!RRDOT_NAV, RR_ANGLENAV,!
!ANGLE NAV !
l !
l !
! l
! !
! !

!RRDOT NAV, RR ANGLE NAV, ! l
l ANGLE NAV l !
l ! !

!** l !
! l l

IRRDOT_NAV, RR_ANGLE_NAV, ! !
IANGLE NAV l !
! ! !
! IRRDOTNAV, RR_ANGLE_NAV,I
! !ANGLE NAV l
l l !
!ONORBIT REND R V STATE ICOV LAST RESET, SHUTTLE i

• D w _ "

!PROP, ONORBIT REND AUTO

IINFLIGHT UPDATE, REL NAV_!STATEPROP,*,SUPER_G

!DISPLAY UPDATES, SUPER G I

!RESET, ONORBIT REND R V !
!
l

! !
l l
! !
! !
l l
l l

i *Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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Variable Name

! !

! Input Source !

! !

Output Destination

I ! !

!RNG MIN !** !

! ! !

lR RHO MAG !REND NAV INTERP !

I ! !

!R TV !ONORBIT REND R V STATE !COV LAST RESET, TARGET

!- - lPROP, ONORBIT REND AUTO !RESET, ONORBIT REND R

! IINFLIGHT UPDATE, REL NAV ISTATE_PROP,* -
! !DISPLAY UPDATES - -!

! ! !

!SENSOR_BIAS !SETUP !RR ANGLE NAV, RRDOT_NAV,

! i !ANGLENAV, *

! l !

ISHUTTLE FILTER FLAG !** l

! ! !

!STAT_FLAG !RRDOT_NAV, RR_ANGLE_NAV, !
I !ANGLE NAV I

m

l ! l

!UNMOD_ACC_BIAS !REND BIAS AND COV PROP, IACCEL_ONORBIT, .
! !U A BIAS _ND COVINIT IREND BIAS AND COY PROP,*

l l l

IUNMOD ACC UPDATE FLAG !** l

l ! !

!VAR !RRDOT_NAV, RR_ANGLE_NAV, !

l !ANGLE NAV l

l ! l

IV FILT !ONORBIT REND R V STATE !COV LAST RESET,

! !PROP, ONORBIT REND AUTO !SHUTTLE_RESET, ONORBIT

l !INFLIGHT_UPDATE, REL NAV IREND R V STATE_PROP,*,

! !DISPLAY_UPDATES, SUPER G-ISUPER_G
l ! l

IV _TV !ONORBIT REND R V STATE ICOV_LAST_RESET,

!PROP, ONORBIT REND AUTO !TARGET RESET,

!INFLIGHT_UPDATE, REL_NAV_!ONORBITREND R V STATE_

!DISPLAY UPDATES IPROP,*

! l

l l

! l

! l

l l

! I

! l

! !

*Onorbit/Rendezvous principal function, see section 4.2

**Initialization parameters, see section 4.7
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4.2.8.2 RendezvousRadar Shaft and Trunnion Angle Measurements(RR_ANGLENAV)

This subfunction is responsible for the proper processing of the rendezvous
radar shaft and trunnion angle measurements. This subfunction shall perform the
following tasks only when the rendezvous radar is not in the self test modeand
the measurementdata is labeled valid.

A.

- Calculate the partial derivative of the measurement with respect to the

estimated state at measurement time.

- Compute the estimated measurement and the measurement residual.

- Select the proper variances to model the uncorrelated measurement errors.

Store the old residual ratio, the EDIT OVERRIDE flag, and the STAT flags

into temporary locations used by the Kalman Filter Updates subfunction
(section 4.2.8.1.2).

- Schedule the Kalman Filter Updates subfunction to process the data.

- Store the current residual ratio, the EDIT flag and the measurement resid-

ual for display purposes.

Detailed Requirements.- Process the rendezvous radar angle data only if the

data are valid and the rendezvous radar is not in the self test mode (SELF

TEST_FLAG = OFF). The following steps shall be performed in the order -
indicated.

I. Compute the mean of 1950 to sensor coordinate transformation matrix.

M_M50 TO SENSOR = M_BODY TO RR QUAT TO MAT(Q_M5OBODY_RR)

2. Compute the time difference between current filter time and the time of

the rendezvous radar angle data measurements.

DELTAT GO = T CURRENT FILT - T REND RADAR

. Call the measurement interpolation subfunction and interpolate the

Orbiter and target state vectors to the time of the shaft angle measure-

ment (see section 4.2.8.1.1)

CALL: REND NAV INTERP

4. Call the angle partials subfunction to compute the partial vector (see
section 4.2.8.2.1)

CALL: REND ANGLE PARTIALS

IN LIST: -M _q0 TO SENSOR 3 1 to

5. Calculation of the _ rtJa] vector is completed by setting the appropri-
ate value in the bi_ slot of that v_eto_.

4-243



.

79FMI0

BI0 : 1.0

Compute the estimated shaft angle measurement and the shaft angle mea-

surement residua].

SHAFT = ARCTAN2 (-U_M2, U M I) + SENSOR_BIAS I

DELQ = Q RR SHFT RAD PER DEG - SHAFT

7. If measurement residual (DELQ) falls outside the range - n to 7 adjust

DELQ such that it falls inside the range.

If DELQ > 0. DELQ = DELQ - 2

DELQ < 0. DELQ = DELQ + 2 _

8. Assign the appropriate variance for the rendezvous radar shaft angle.

.

VAR : VAR SHAFT

The residual test ratio from the previous filter cycle and the measure-

ment processing control flags sha!l be set as follows:

RESID RATIO OLD = MAX (NAV SIG I, NAV_SIG 2)
MANUAL EDIT-OVERRIDE = RR ANGLES EDIT OVERRIDE

STAT FLAG : RR ANGLES STAT
_ _ n

(where RR ANGLES EDIT OVERRIDE and RR ANGLES STAT come from the sensor

measurement selection-subfunction (section 4_2.6) and NAV SIG comes from

the previous execution of this subfunction as given in step 11).

10. Call the Kalman filter subfunction to process the rendezvous radar shaft

angle measurement (Nee section 4.2.8.1.2)

CALL: REND NAV FILTER
p

11. Store the output data from the Kalman filter subfunction in the appropri-

ate variables for use by the measurement processing statistics sub-

function.

SENSOR_EDIT I : EDIT_FLAG

NAV_SIG I = RE3ID_TEST_RATIO

SENSOR_DELQ I = DELQ

12. Call the measurement interpolation subfunction to interpolate the

Orbiter and target _tate vectors to the time of the trunnion angle

measurement (see see,ion 4.2.8.1.1)

CALL: REND N. ,'INTERP
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13. Call the angle partials subfunction to compute the partial vector (see
section 4.2.8.2.1)

CALL: RENDANGLEPARTIALS

IN LIST: UNIT(I RHOx M_M50TOSENSOR3,1to3)

14. Calculation of the partial vector is completed by setting the appropri-
ate value in the b_as slot of that vector.

B11 : I .0

15. Computethe estimated trunnion angle measurementand the trunnion angle
measurementresidual.

TRUN= ARCSIN(U_M3)+ SENSOR_BIAS2 F5

DELQ= Q RRTRUNRADPERDEG- TRUN

16. Assign the appropriate variance for the rendezvous radar trunnion angle

VAR= VARTRUN

17. Call the Kalman filter to process the rendezvous radar trunnion angle
measurement(see section 4.2.8.1.2)

CALL: RENDNAVFILTER
m

18. Store the output data from the Kalman filter subfunct_on in the appropri-

ate variables for use by the measurement processing statistics sub-

function

SENSOR_EDIT 2 = EDIT FLAG

NAV_SIG 2 = RESID_TEST_RATIO

SENSOR_DELQ 2 : DELQ

B. Interface Requirements.- The input and output variables for this subfunction
are defined in table 4.2.8.2.

C. Processing_Requirements.- This subfunction is called by NAV_ONORBIT_
RENDEZVOUS (section 4.2. I).

D. Constraints.- None _! ""

E. S__upplementary Information.- A suggested implementation in the form 0_

detailed flowchart can be found in Appendix B under the name RR A_GLE _NAV

F5 Th_s equation shall be protected against arc sine of arguments with magn_-
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, : ,

! Variable Name ! Input Source !
! , !

Output Destination

! !

! EDIT FLAG ! REND NAV FILTER

! I RHO ! REND NAV INTERP
! !

! M BODY TO RR ! **
! !

! NAV SIG ! SETUP

! !

! PI ! **
I I

! Q M50BODY RR ! NAV ONORBIT RENDEZVOUS

! !

! Q RR SHFT ! NAV ONORBIT RENDEZVOUS

! !

! Q RR TRUN ! NAV ONORBIT RENDEZVOUS
m

! !

! RAD PER DEG ! **

! !

! RESID TEST RATIO ! REND NAV FILTER

! !

! RR ANGLE DATA GOOD ! NAV ONORBIT RENDEZVOUS

! !

! RR ANGLES EDIT OVERRIDE ! REND SENSOR SELECT
! !

! RR ANGLES STAT ! REND SENSOR SELECT
! !

! SELF TEST FLAG ! NAV ONORBIT RENDEZVOUS

! !

! SENSOR BIAS ! SETUP,REND NAV FILTER
! I

! T CURRENT FILT ! NAV ONORBIT RENDEZVOUS

, !
! !

! !

! !

! !

! !

! !
I I

!
!
!
!
!
!
!
! MEAS PROCF__SING
l STATISTICS REND

!
!

!

! QUAT TO MAT
!

!
!

!

!

!
!

!

I

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!
!

!

!
!

!

*O
** norbit/Rendezvous principal function, see section 4.2

Initia]ization parameters, see section 4.7
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! Variable Name ! Input Source
! !

Output Destination !
!
!

! !
! T RENDRADAR ! NAVONORBIT_RENDEZVOUS
! !
! U M ! REND_ANGLE_PARTIALS
! !
! VARSHAFT ! **

! VARTRUN ! **
! !
! B !
! !
! DELQ !
! !
! DELTATGO !
! !
! !
! MANUALEDIT OVERRIDE !
! !
! M M50_TO_SENSOR !
! !
! RESIDRATIOOLD !
! !
! SENSORDELQ !
! !
! !
! SENSOREDIT !
! !
! !
! STATFLAG !
! !
! VAR !
! !
! % ! QUATTOMAT
! !
! UNIT(I RHO x M_M50TO !
! SENSOR3, I to3) !

! !
: !
! !
! !

!

!

!

!

!

!

!

!

!

! REND NAV FILTER

!

! REND NAV FILTER

!
! REND NAV INTERP,

! ONORBITSV_INTERP

!
! REND NAV FILTER

!
! REND ANGLE PARTIALS

m

!

! REND NAV FILTER

!

! MEAS PROCESSING

! STATISTICS REND
!

! MEAS PROCESSING

! STATISTICS REND,*

!
! REND NAV FILTER

!

! REND NAV FILTER

!

!
! REND ANGLE PARTIALS

!

!
!

!

!

!

!
!

!
!

!
!
!
!
!
!

!
!
!

!
!
!

!

!
!
!
!

!
!
!
!
!
!

!
!
!

*Onorbit/Rendezvous principel function, see

**Initialization parameters, see section 4.7

#Value returned from the function

section _.2
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4.2.8.2.1 Angle partials (REND_ANGLE PARTIALS)

The angle partials subfunction (REND ANGLES_PARTIALS) is a utility subfunction

whose purpose is to compute the angle measurement partial derivatives, with re-

spect to the Orbiter position and velocity, for all sensor angle measurements.

The partials vector is used by the Kalman filter update subfunction, REND NAV
FILTER (section 4.2.8.1.2). - -

A. Detailed Requirements.-

I • First, we compute RHO PLANE, which is the projection of the Shuttle/target

relative position vector, R _RHO, into the orthogona] complement plane

of the axis of rotation of the angle measurement,

RHO PLANE : R RHO - (R RHO • I N)I N,

where I N is a unit vector along the axis of rotation.

2. Next, the partial derivative of the angle measurement with respect to the

Shuttle position and velocity is computed•

BI to 6 :(PHI_PATCHI to 3, I to 6 )T (UNIT(RHO PLANE x I N)/IRHO PLANEI)

PHI_PATCH is the position-velocity part of the state transition matrix

calculated in the measurement interpolation subfunction, REND NAV INTERP
(section 4.2.8.1.1). - -

3. Finally, the unit vector in the line of sight direction, I _RHO, is
rotated into sensor coordinates

U M : M M50 TO SENSOR I RHO

B. Interface Requirements.- Input and output parameters are listed in table
4.2•8.2.1•

C. Processing Requirements.- This subfunction is called by the following
subfunctions:

ANGLE NAV (section 4.2.8•3.1)

RR_AN-GLE_NAV (section 4.2•8.2)

D. Constraints•- None

E. Suu__plemental Information.- A suggested implementation of the angle partials

subfunction may be found in the Appendix B flowchart REND ANGLE PARTIALS.
m
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! !
! Inlist/Outlist ! !
! Internal ! External ! Input Source !

! Name ! Name ! !
Output Destination

! ! ! !

! I _N ! -M M50 TO ! RR ANGLE NAV !

! ! SENSOR3,1to3 ! - _ !
! ! ! !

! I _N ! UNIT(I RHO ! RR ANGLE NAV !

! ! x M M50 TO ! - - !

! ! SENSOR3,1to3)! !
! ! ! !

! I N ! -M M50 TO ! ANGLE NAV !

! ! SENSOR2,1to3 ! - !

! ! ! !

! I _N ! -M M50 TO ! ANGLE NAV !

! ! _S-ENSORI,Ito3! - !

! ! ! !

! ! ! !

! ! ! !

! ! ! w
.

! ! ! !

! ! ! !

! ! ! !

! ! ! 7

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

! ! ! !

**Onorbit/Rendezvous principal function, see section 4.2
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Variable Name Input Source Output Destination

!

! R RHO

!

! PHI PATCH
!

! M M50 TO SENSOR
!

!

!

! U M

!

!

! B
m

!
! I RHO

!
!

!

!

!

!

!
!

!

!

I

!
!

!
!

!

!
!

!

!

!

!

!

!

!

!

! REND NAV INTERP

! REND NAV INTERP

!

! RR ANGLE_NAV,
! STAR TRACKER NAY,
! COAS NAV

p

!

!

!

!

!

!

! REND NAV INTERP

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

! RR_ANGLE_NAV,
! ANGLE NAV

!

! REND NAV FILTER

!

!
i

!

i

!

!

i

!
i

!

!

!

!

!

!

!

!

!

!

i

!

!

!

i

!

!

i

!
!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
l

!

!

!

l

l

!

!

!
!

!

!

I

!

I

!

!

!

!

!

!

!

!

!

!
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4.2.8.3 Star Tracker Horizontal and Vertical Measurements (STAR TRACKER NAV)

This subfunction is responsible for the proper processing of the star tracker

vertical and horizontal measurement data. This subfunction shall perform the

following tasks provided the star tracker is Jn the target track mode and the

angle data are valid.

- Store the mean of '50 to star tracker transformation matrix for use

in the angle measurements subfunction.

- Compute the time difference between current filter time and measurement

time.

- Invoke the angle measurement subfunction for the processing of the

angle data with the proper IN LIST arguments.

If the star tracker time tag is too close in value to the star tracker time tag

on the last filter cycle the angle measurement subfunction is not invoked in

order to avoid the processing of the same measurement twice.

A. Detailed Requirements.- If the star tracker data is good (ST DATA GOOD = ON)

and the star tracker Js in the target track mode (TRG TRK MODE = ON), then

the following steps shall be performed in the order indicated.

I . Store the mean of 1950 to star tracker transformation matrix into the

mean of 1950 to sensor transformation matrix for use in the angle mea-

surements subfunction (section 4.2.8.3.1)

M M50 TO SENSOR : M 50 TO ST

. Compute both the time difference between the current time and the star
tracker measurement time and the time difference between the current

star tracker measurement time and the time of the last processed
measurement.

. Test the time difference between the current star tracker measurement

time and the time of the last processed measurement to avoid the

redundant processing of the star tracker data.

go If DELTAT_ST is larger than a premission time difference then invoke

the angle measurement subfunction to incorporate the star tracker

angle data into the filter vehicle state.

CALL: ANGLE NAV

IN LIST: VAR ST_HORIZ, Q ST HORIZ, VAR ST VERT,

Q ST VERT, ST ANGLES EDIT OVERRIDE,
ST ANGLES STAT

b. Set the time of the last Star tracker measurement.

T ST LAST -- T STAR TRACKER
-- p
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Interface Requirements.- T_e inpOt and output variables for this subfunction
ar--e de--f_ned i-n- t--able _ .2.8.3.

C. Processing Requirements.- This subfunction is called by NAV ONORBIT
RENDEZVOUS (section 4.2. I). - -

D.

E.

Constraints.- None

Supplementary Information.- A suggested implementat#on in the form of a

detailed flowchart can be found in Appendix B under the name STAR TRACKER
NAV. - -
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! Variable Name ! Input Source !

! ! !

! ! !

Output Destination

i

! M M50 TO ST ! NAV_ONORBIT_RENDEZVOUS

! !

! Q ST HORIZ ! NAV ONORBIT_RENDEZVOUS
! !

! Q ST VERT ! NAV_ONORBIT RENDEZVOUS

! !

! ST ANGLES EDIT OVERRIDE ! REND_SENSOR_SELECT

!

! ST ANGLES STAT

!

! ST DATA GOOD
!

! T CURRENT FILT

!

! TRG TRK MODE

!

! T STAR TRACKER

!

! VAR ST HORIZ

!

! VAR ST VERT

!

! DELTAT GO

!

!

! M M50 TO SENSOR
!

!

! DELTAT ST MIN

!

!

!

!
!

!

!
!

!

!

!

!

!

!

!
! REND SENSOR SELECT

!

! NAV ONORBIT RENDEZVOUS

!

! NAV ONORBIT RENDEZVOUS

!

! NAV ONORBIT RENDEZVOUS

!

! NAV ONORBIT RENDEZVOUS

II

_J

!

!

!
! ANGLE NAV

!

! ANGLE NAV

!
! ANGLE NAV

!
! ANGLE NAV

!

!

!
!

!

!
!

!

!
! ANGLE NAV

!

! ANGLE NAV

!

! REND NAV INTERP,
! ONORBIT SV INTERP

!

! ANGLE NAV,
! REND ANGLE PARTIALS

!

!

!
!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!
!

!

!
!

!
!

!

!

!
!

!

!

!

!

!

!

!

!
!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!
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4.2.8.3.1 Angle measure_ ents (ANGLE_NAV)

This utility subfunction is responsible for the proper processing of vertical

and horizontal angle measurements taken by either the COAS or star tracker.

This subfunction shall perform the following tasks when called by either the

COAS or star tracker vertical and horizontal measurements subfunction (see sec-

tions 4.2.8.4 and 4.2.8.3, respectively):

- Calculate the partial derivative of the measurement with respect to the
estimated state at measurement time.

- Compute the estimated measurement and the measurement residual.

- Select the proper variances to model the uncorrelated measurement errors.

Store the old residual ratio, the EDIT OVERRIDE flag, and the STAT flags

into temporary locations used by the Kalman filter Updates subfunction

(section 4.2.8.1.2).

- Schedule the Kalman f_lter Updates subfunction to process the data.

- Store the current residual ratio, the EDIT flag, and the measurement resid-

ual for display purposes.

A. Detailed Requirements.- This subfunction _s called with the following _nter-
nal variables in the IN LIST:

IN LIST: VAR HORIZ, Q HORIZ, VAR VERT, Q VERT,

ANGLES_MANUAL_EDIT_OVERRIDE, ANGLES_STAT_FLAG

where

VAR HORIZ variance of the horizontal measurement

Q HORIZ horizontal angle measurement

VAR VERT variance of the vertical measurement

Q VERT vertical angle measurement

ANGLES MANUAL EDIT OVERRIDE manual edit override flag

ANGLES STAT FLAG stat flag

The following steps shall be performed (_n the order indicated):

I , Call the measurement interpolation subfunction to _nterpolate the

Orbiter and target state vectors to the time of the vertical angle

measurement (see section 4.2.8.1.1).

CALL: REND NAV INTERP
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Call the angle partials subfunct_on to compute the partial vector (see
section 4.2.8.2. I)

CALL: REND ANGLE PARTIALS

IN LIST: -M_M50 TO SENSOR2, I to 3

Calculation of the partial vector is completed by setting the appropri-

ate value in the bias slot of that vector:

B11 = 1.0

Compute the estimated vertical angle measurement and the vertical angle
measurement residual.

VERT = ARCTAN2(-U_MI, U_M3) + SENSOR_BIAS 2

Dk_.Q = Q VERT RAD PER DEG - VERT

5. Assign the appropriate variance for the vertical angle

VAR = VAR VERT
m

6. Set up the required inputs to the Kalman filter subfunction:

,

o

.

RESID_RATIO_OLD = MAX NAV_SIGI,NAV_SIG 2

MANUAL EDIT OVERRIDE = ANGLES MANUAL EDIT OVERRIDE

STAT FLAG = ANGLES STAT FLAG

Call the Kalman f_]ter subfunction to process the vertical angle measure-

ment (see section 4.2.8.1.2).

CALL: REND NAV FILTER
k

Store the output data from the Kalman filter subfunction in the appropri-

ate variables for use by the measurement processing statistics
subfunction.

SENSOR DELQ 2 = DELQ

NAV_SIG 2 : RESID_TESTRATIO

SENSOR_EDIT 2 = EDIT_FLAG

Call the measurement interpolation subfunction to interpolate the

Orbiter and target state vectors to the time of the horizontal angle

measurement (see section 4.2.8.1.1).

CALL: REND NAV INTERP

4-255



B.

Co

79FMI0

10. Call the angle partials subfunction to compute the partial vector (see
section 4.2.8.2.1).

CALL: REND ANGLE PARTIALS

IN LIST: -M M50 TO SENSOR I I to 3
9

11. Calculation of the partial vector is completed by setting the appropri-

ate value in the bias slot of that vector:

BI0 : I .0

12. Compute the estimated horizontal angle measurement and the horizontal

angle measurement residual.

HORIZ : ARCTAN2 (U_M2,U_M 3) + SENSOR_BIAS I

DELQ : Q_HORIZ RAD_PER_DEG - HORIZ

13. Assign the appropriate variance for the horizontal angle

VAR = VAR HORIZ
D

14. Call the Kalman filter subfunct_on to process the horizontal angle mea-

surement (see section 4.2.8.1.2).

CALL: REND NAV FILTER

15. Store the output data from the Kalman filter subfunction in the appropri-

ate variables for use by the measurement processing statistics sub-

function.

SENSOR_DELQI = DELQ

NAV_SIG I = RESID_TESTRATIO

SENSOR_EDIT I = EDIT_FLAG

Interface Requirements.- The input and output variables for this subfunction
are defined in table _.2.8.3.1.

Processing Requirements.- This subfunction is called by the following
subfunctions:

COAS NAV

STAR TRACKER NAV

(section 4.2.8.4)

(section 4.2.8.3)

D. Constraints.- None
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__Lpp__.Suplementary Information.- A suggested implementation of this subfunction

in the form of a detailed flowchart can be found in Appendix B under the
name

ANGLE NAV.
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!
! In]ist/Outlist
! Internal ! External
! Name ! Name

!
! Input Source !
!

Output Destination

! ! !
!ANGLESMANUAL!COASANGLES ! COASNAV
!EDIT - -!EDIT- - ! -
!OVERRIDE 7OVERRIDE !
!ANGLESSTAT !COASANGLES ! COASNAV
!FLAG - - !STAT- - ! -
!Q_HORIZ !Q_COAS_HORIZ ! COAS_NAV
!Q VERT !Q COAS VERT ! COAS NAV

!VAR HORIZ !VAR COAS HORIZ! COAS-NAV

!VAR-VERT !VAR-COAS-VERT ! COAS-NAV

! ! !

!ANGLES MANUAL !ST ANGLES ! STAR TRACKER NAV
!EDIT - -!EDIT - ! - -

!OVERRIDE !OVERRIDE !

!ANGLES STAT !ST ANGLES STAT! STAR TRACKER NAV

!FLAG ! !

!Q_HORIZ !Q ST HORIZ ! STAR TRACKER NAV
!Q VERT !Q ST VERT ! STAR-TRACKER-NAV

!VAR HORIZ !VAR ST HORIZ ! STAR-TRACKER-NAV

!VAR-VERT !VAR ST VERT ! STAR-TRACKER-NAV

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! J !

! ! !

! ! !
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! Variable Name ! Input Source

!

Output Destination

! !

! EDIT FLAG ! REND_NAV FILTER
!

! M M50 TO SENSOR ! COAS NAV,
! - ! STAR-TRACKER NAV

! !

! NAV SIG ! SETUP

! !

! RAD PER DEG ! **

! !

! RESID TEST RATIO ! REND_NAV_FILTER

! !
! SENSOR BIAS ! SETUP,REND_NAV_FILTER

! !

! U M ! REND ANGLE_PARTIALS
, !

, !

! !

! B !

! !

! DELQ !

! MANUAL EDIT OVERRIDE !

! !

! RESID RATIO OLD !

! SENSOR DELQ !
! !

! SENSOR EDIT !
p

! !

! !

! STAT FLAG !

! VAR

!

! !

!

!
!

! REND ANGLE PARTIALS

! MEAS PROCESSING
! STATISTICS REND

!

!

!

!

!

!

!

!

!

!

! REND NAV FILTER

!

! REND NAV FILTER
p

!
! REND NAV FILTER

!
! REND NAV FILTER

!

! MEAS PROCESSING
! STATISTICS REND

!

! MEAS PROCESSING

! _ST_ISTICS_REND,*
!
! REND NAV FILTER

! REND NAV FILTER

!
!

!

!
!

!

!
!

!
!
!
!
!
!

!
!
!
!

!
!

!
!
!

!
!
!

!
!
!
!

!
!

!
!
!
!

!
!

!
!
!
!
!
!

!
!
!

!

,:Onorbit/Rendezvous principal function, see section 4.2
Initialization parameters, see section 4.7
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4.2.8.4 COAS Horizontal And Vertical Angle Measurements (COAS NAV)

This subfunction is responsible for the proper processing of the COAS horizontal

and vertical angle measurements. This subfunct_on shall perform the following
task if the COAS data are labeled valid.

Compute the time difference between current filter time and measurement

time. Also we will compute the time difference (DELTAT_COAS) between

the current COAS measurement and the measurement last used by this
subfunction.

If DELTAT_COAS satisfies criteria for staleness and is not greater

than a design dependent threshold, the angle measurement subfunct_on

shall be invoked to process the vertical and horizontal angle data.

If the COAS horizontal and vertical angle measurement subfunction

is not to process the angle data for statistical display purposes

only, then the time of the last COAS measurement is reset.

A. Detailed Requirements.- If the COAS data is good (COAS DATA GOOD = ON), then

the following steps shall be performed (_n the order indicated):

I , Determine the delta time between the current time and the time of the

COAS measurements and also determine the delta time since the last

processing of COAS data.

DELTAT GO = T CURRENT FILT - T COAS

DELTAT-COAS _ T COAS [ T COAS LAST

. This subfunction will only process COAS data if the COAS data have not

been previously processed and the time elapsed since the COAS data snap

is smaller than a design dependent time delta.

i.e., if DELTAT GO < DELTAT COAS MAX

AND

DELTAT COAS > DELTAT COAS MIN

a. Compute the mean of 1950 to sensor coordinate transformation matrix.

M_M50 TO SENSOR : M_BODY TO COAScoAs_I D M_M50 TO BODY_COAS

b. Call the angle measurements subfunction to incorporate the COAS

angle data (see section 4.2.8.3.1).

CALL: ANGLE NAV

IN LIST: VAR_COAS_HORIZ, Q COAS HORIZ,

VAR_COAS_VERT, Q COAS_VERT,

COAS ANGLES EDIT_OVERRIDE,
COAS-ANGLES-STAT
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c. If the COASdata were processed (COASANGLESSTAT= OFF), save
the time of the COASdata for use on The next filter subcycle.

T COAS LAST : T COAS

B. Interface Requirements.- The input and output variables for th_s subfunction
are defined in table 4.2.8.4.

Co Processing Requirements.- This subfunction is called by NAV_ONORBIT_

RENDEZVOUS (section 4.2.1).

D. Constraints.- None

E. Supplementary Information.- A suggested implementation in the form of a

detailed flowchart can be found in Appendix B under the name COAS NAV.
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! Variable Name ! Input Source !

! ! !

! ! !

Output Destinat_ on

! COAS ANGLES EDIT ! REND SENSOR SELECT ! ANGLE NAV

! OVERRIDE ! !

, ! !
! COAS ANGLES STAT ! REND SENSOR SELECT ! ANGLE_NAV

! ! !

! COAS DATA GOOD ! NAV ONORBIT RENDEZVOUS !
! ! !

! COAS ID ! NAV ONORBIT RENDEZVOUS !

! ! !
! DELTAT COAS MAX ! ** !

! ! !

! DELTAT COAS MIN ! ** !

! - ! !

! M BODY TO COAS ! ** !

1 ! I

! M M50 TO BODY COAS ! NAV ONORBIT RENDEZVOUS !

! ! !

1 Q_COAS_HORIZ ! NAV_ONORBIT_RENDEZVOUS ! ANGLE NAV
! ! !

! Q COAS VERT ! NAV_ONORBIT_RENDEZVOUS ! ANGLE_NAY
! - _ ! !
! T COAS ! NAV ONORBIT RENDZVOUS !

! ! !

! T COAS LAST ! ** !

! ! !

! T CURRENT FILT ! NAV ONORBIT RENDEZVOUS !

! ! !

! VAR COAS HORIZ : ** I ANGLE NAV

! ! I
! VAR COAS VERT ! ** ! ANGLE NAV

! ! !

! ! !

! ! !
! ! !

! ! !
! ! I

! ! !

! ! !

! ! !
! : !

! ! !

!

!

l
!

!

!
!

!
!

l

l

!
!

!

l

l

!

!

!

l

!

!

!

!
l

!

!

!

l

!

!

!

1
l

!

I
!

l

!

!

!

.:Onorbit/Rendezvous principal funct_gn, see section 4.2
Initialization parameters, see section 4.7
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! !
! Variable Name !
!

Input Source Output Destination

! !

! DELTAT GO !

! !

! !

! M M50 TO SENSOR !

! !
! !

! !

! !

! !

! !

! !
! !

! !

! !

! !
! !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! !

! !
! !

! !
! !

! !

! !
! !

! !

! !

! !

!

! REND NAV_INTERP,
! ONORBIT SV INTERP

!

! ANGLE NAV,
! REND ANGLE PARTIALS

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!
!

!
!

!

!

!
!

!

!

!

!

M

**Onorbit/Rendezvous principal function, see section 4.2
Initialization parameters, see sect,2on 4.7
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4.2.9 Measurement Processing Statistics'(MEAS_PROCESSING..STATISTICS..REN_D)

During rendezvous navigation phases that utilize external measurements, the mea-

surement processing statistics subfunction will compute for display certain pa-

rameters that are indicative of the condition of the navigation filter and the

external sensor measurements that it utilizes. These display parameters serve

as the basis for the crew decision as to how external measurement data are to be

processed by the nay filter.

The measurement processing statistics subfunction will be performed after the

state and covariance measurement incorporation subfunctions have been performed.

Filter edit indicators, which will have been initialized to a default value dur-

ing the sensor measurement selection subfunction, will be redefined during per-

formance of the state and covariance measurement incorporation subfunctions.

This will indicate to the measurement processing statistics subfunction, for

each measurement type being utilized, which of the following five cases has

occurred:

Edit indicator = OFF - The filter was not configured for the measurement

type or the data were bad and the filter did not attempt to process data

of that type.

- Edit indicator : ON - The filter did attempt to process the measurement

type but automatically edited the data.

- Edit indicator = PROCESSED - The filter processed the measurement type as

a result of the data satisfying the edit criterion.

- Edit indicator = STAT - The filter was used solely for producing the re-

sidual and ratio parameters for display.

- Edit indicator = FORCED - The filter processed the data as a result of a

crew edit override.

Moreover, the state and covariance measurement incorporation subfunction will

provide the measurement processing statistics subfunction with the value of each

measurement residual and the corresponding residual edit ratio value. The data

supplied to the measurement processing statistics subfunction are used to com-

pute statistics for the sensor measurement type selected.

For each measurement type, the following parameters are to be computed for dis-

play to show how well the navigation filter is processing external measurements

of that particular type:

DISP_DELQ I - The actual measurement residual computed by the nay filter for

the Ith measurement type.

DISP_SIG I - The residual edit ratio for the Ith measurement type. The ratio
is the absolute value of the measurement residual divided by the square root

of the scaled value of the residual variance for the measurement type. (See

section 4.2.8.1.2 for the definlt_on of RESID TEST RATIO.)
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N_ACCEPTI - The numberof data marks-for the Ith measurementtype which
have been used to update the nav state vector.

N_REJECTI - The numberof data marks for the Ith measurementtype which have
been automatically rejected as a result of failing the nav filter edit crite-
rion.

DISP_EDITI - The status indicator which shall be displayed as a BLANKunless
the nay filter has edited a predetermined number of sequential data marks
for the Ith type. In this case, the status indicator shall be displayed as
the symbol, 4. Onceset, the downarrow symbol shall continue to be dis-
played until a predetermined numberof sequential data marks have been pro-
cessed by the nav filter, or until a data mark has been processed by the nay
filter as a result of the crew setting the appropriate AUTO/INHIBIT/FORCE
flag to FORCE.

If valid data were not presented to the filter or if the estimated distance be-
tween vehicles is less than a specified value (RANGE_MIN),then these parameters
will maintain the values defined during the previous filter subcycle.

The ACCEPT/REJECTcounters are initialized to zero whenever the covariance
matrix is reinitialized, whenleaving rendezvous navigation, when the corre-
sponding sensor type is changed, or whenthe IMU sensed accelerations exceed
a premission specified amount (MEAS_THRESHOLD).

Sensor data will consist of two types: angular data and range data. The angu-
lar data will consist of a pair of angles from one of three mutually exclusive
sources - COAS,star tracker (ST), or rendezvous radar (RR). The range data will
consist of range and range rate from the rendezvous radar. Angular data, from
whichever source has been chosen, can be utilized in conjunction with range
data.

A. Detailed Requirements.- The correspondence between the measurementtype and
the subscript, I, shall be as follows:

I = I - COAShorizontal angle, ST horizontal angle, or RRshaft
angle

I = 2 - COASvertical angle, ST vertical angle, or RR trunnion angle

I = 3 - RR range

I = 4 - RR range rate

For each value of the integer I in the interval (1,4), the following steps
shall be performed (in the order indicated):

Test the SENSOR_EDITvalue for the Ith measurementtype.

I • If SENSOR_EDIT I _ OFF, then DISP_DELQ I and DISP_SIG I shall be g_ven
the values:
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DISP_DELQ I = SENSOR_DELQ I

DISP SIG I = NAV_SIG I

where SENSOR_DELQ I and NAV_SIG I were computed in the state and

covariance measurement _ncorporation subfunctions (sections 4.2.8.1

through 4.2.8.4).

For the range measurement,

I = 3,

the residual is converted to kilofeet:

DISP_DELQ I = DISP_DELQI/IO00.O

For the angle measurements,

I = I or 2,

the residuals are converted to degrees:

DISP DELQ I = DISP_DELQ I DEG_PER_RAD

Test the SENSOR_EDIT value for the Ith measurement type

a. If SENSOR_EDIT I = STAT, DISP_EDIT I shall be given the value BLANK:

DISP_EDIT I = BLANK

b. If SENSOR_EDIT I _ STAT, then test SENSOR_EDIT again.

(I) If SENSOR_EDIT I = ON, the sequential accept counter shall be
set to zero:

SEQ_ACCEPT I = O,

the counter for the number of marks rejected by the nay fil-

ter shall be _ncremented by one:

N_REJECT I = N_REJECT I + I,

and the sequential reject counter shall be incremented by
one:

SEQ REJECT I = SEQ_REJECT I + I

If SEQ REJECT I is found to exceed a predetermined number, REJ

MAX, DISP_EDIT I shall be set to + to indicate that a number -
of sequential data marks have been edited.

DISPEDIT I =
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(2) If SENSOR_EDIT I _ ON,- then the sequential reject counter
shall be set to zero:

SEQ_REJECT I = 0,

the counter for the number of marks processed by the nav fil-
ter shall be incremented:

N_ACCEPT I : N_ACCEPT I + I,

and the sequential accept counter shall be also incremented:

SEQ_ACCEPT I = SEQ_ACCEPT I + I

If SEQ_ACCEPT I exceeds a pre-determined number ACC_MIN, or

SENSOR_EDIT I has a value of FORCED, DISP_EDIT I is given the
value BLANK:

DISP EDIT I = BLANK

If the indicator SENSOR_EDIT I is found to have the value OFF

on the initial check, both DISP_DELQ I and DISP_SIG I shall

maintain the previous values from the prior filter subcycle.

Interface Requirements.- input and output parameters are listed in table
4.2.9.

Processing Requirements.- This subfunction is called by NAV ONORBIT
RENDEZVOUS (section 4.2.1).

Constraints.- None

Supplementar___y Information.- A suggested implementation for this subfunction

may be found in the detailed flow chart of Appendix B entitled MEAS
PROCESSING STATISTICS REND.
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TABLE 4.2.9.- MEAS PROCESSING STATISTICS REND INPUT/OUTPUT
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Variable Name

! !

! Input Source !
! !

Output Destination

!

! ACC MIN

!

! DEG PER RAD
!

! DISP DELQ

! DISP EDIT
D

!

! DISP SIG

!

! N ACCEPT

!

!

!

! NAV SIG

!

!

! N REJECT
m

!

!

!

! REJ MAX
p

I

! SENSOR DELQ
!

!

! SENSOR EDIT
!

!

!
!

!

!
!

!

!

!

!

!
!

!

! **

!

! **

!

! **

!

!

!

! *

! SETUP,
! DISPLAY COUNT INIT

!

! RRDOT NAV, RR ANGLE

! NAV, J_NGLE NAV, SET-UP
!

! *

! SETUP,
! DISPLAY COUNT INIT

!

! **

!

!
!

!

!

!

!

!

!

!

!

!
I

I

l
l

!
!

I

l

! RRDOT NAV, RR ANGLE NAV,!
! ANGLE NAV !

! !

! REND_SENSOR_SELECT, !

! RRDOT NAV, RR ANGLE NAV,!
! ANGLE NAV !

! !
! !

! !
! !

! !

! !

! !

! !

! !

! !

! !

!

!

!
!

!

!

!
!

l
!

!

!

!

!
!

!

l

l

!
!

!

!

!

!

!

!

!

!

!

I

I

!

!
!

!

!

!
!

!

!

!

!

*Onorbit/Rendezvous principal function, see section 4.2
**

Initialization parameters, see section 4.7
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! !
! Variable Name ! Input Source !
! ! !

Output Destination

t SEQACCEPT , , w
. • , -

! ! SETUP, !
! ! DISPLAY COUNT INIT !

! ! !

i SEQ REJECT i * I
• • , •

! ! SETUP, !
! ! DISPLAY COUNT INIT !

! ! !

! ! !
! ! !

! ! !

! ! !

I ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

I ! !

I ! !

! ! !
! ! !

! ! !

! ! !

! ! !

! ! !

!

!

!

!

!

!
!

!
!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!
!

!
!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

**Onorbit/Rendezvous. principal function, see section 4.2
Initialization parameters, see section 4.7
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4.3 ONORBIT PRECISION STATE PREDICTION PRINCIPAL FUNCTION

A capability shall be provided for predicting the position and velocity of the

Orbiter or target at some final time in the future or past, when an initial

state and t_me are given.

The Onorbit Precision State Prediction principal function shall make no use of

the IMU accumulated sensed velocities and therefore is a free-flight prediction

process even though it may be performed during periods of flight in which naviga-

tion is using accumulated sensed velocities.

Since this principal function shall be used for different purposes having differ-

ent environmental requirements in various navigation phases, the user shall, by

setting the control flags to the appropriate values and by choosing the predic-

tion method or integration step size, have the option to trade off the accuracy

of the integration and the fidelity of the mathematical models in favor of the

shorter execution time. This is accomplished with parameters specified prior to

the invoking of the Onorbit Precision State Prediction principal function.

Table 4.3-I is the principal function input and output llst and shows data flow

between the 0norbit Precision State Prediction principal function and other

principal functions.

This principal function, which provides for Onorbit precision state prediction

and rapid state prediction of the Orbiter or target position and velocity

states, shall use either a fourth-order Runge-Kutta numerical integration tech-

nique, modified with Gill's coefficients, or a single-step two-body method

(rapid state prediction). The S. Pines formulation of the equations of motion

shall be used with each technique. Detailed requirements for the Runge-Kutta-

Gill integration technique and the Pines formulation are provided in sections

4.2.3.1.1 and 4.2.3.1.2. The Runge-Kutta-Gill integrator shall be shared with

the precision integration subfunction, together with the Pines formulation of

the equations of motion. Noncentral body accelerations shall be generated by

the user-selected acceleration models (section 4.2.3.1.4) to account for

perturbations due to drag, venting and uncoupled thrusting, and variations in

the Earth's gravitational potential.

A. Detailed Requirements.- The Onorbit Precision State Prediction principal

function computational scheme shall be performed as follows:

I • The desired gravity (GMDP and GMOP), drag (DMP), venting and uncoupled

thrusting (VMP), and vehicle-attitude (ATMP) mode flags shall be

obtained from the user, together with the prediction integration step

size (PRED_STEP), initial state and time (R _PRED_INIT, V _PRED_INIT,

and T PRED INIT), and final time at the end of the prediction interval

(T_PR-ED FINAL). If prediction is being performed for the Orbiter (i.e.,

ATMP = 7), the Orbiter mass to be used during prediction shall be user

specified (PRED_ORB_MASS) along with an Orbiter reference area (PRED_ORB_

AREA) and drag coefficient (PRED_ORB_CD).
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The initial state vector shall then be renamed for use in the Pines

equations-of-motion formulation and the seventh variable of integration

(XN 7) initialized to zero:

XNI to 3 : _ _PRED_INIT

XN4 to 6 = V PRED INIT

XN7 = O.

In the above equations, the seventh variable of integration (XN7, re-

quired by the Pines technique), is the integrated initial time T_PRED_
INIT.

A check shall now be made on the gravity mode flag (GMDP) to determine

if prediction _s to be accomplished through the use of a simple two-body

solution of a more precise integration technique.

>! GMDP : 0

!

a. If a two-body solution is required, (i.e., GMDP = O) the prediction

interval is computed as

T CUR : T PRED FINAL - T PRED INIT

Do If a more precise integration technique is required, (i.e.,

GMDP _ 0), the current integrator time (T_CUR) is set to zero,

and the integration step size (DT_STEP) is set to the input step

size (PRED_STEP):

TCUR = 0

DT STEP : PRED STEP

(i) Additionally, the input integration step size is checked to

determine if it is greater than a pre-stored maximum (DT

MAX). If the input step size is greater than the pre-stored

maximum (i.e., DT STEP > DT_MAX), the step size used will be
set at the maximum.

DT STEP : DT MAX

(2) Next, the number of integration steps (N STEPS) required
m

for the input integration interval shall be calculated

and the step size (DT STEP) adjusted to accommodate N
STEPS.

N STEPS : CEILING ( IT-PRED-FINAL-T-PREELINITII- DT STEP

\ I

F3
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T_PRED-FINAL - T-PRED-INIT
DT STEP = F3

- N_STEPS

(3) The actual integration of the Orbiter or target state equa-

tions (formulated according to the Pines technique) shall

now be performed by proceeding as follows for each step in

the integration interval. Note that, in the Pines equa-

tions-of-motion formulation, it is the initial conditions

(R _PRED2INIT , V _PRED_INIT, and T_PRED_INIT) that are inte-

grated and then used In the closed-form solution of a two-

body, unperturbed orbital problem using an F and G series.

The fourth-order Runge-Kutta-Gill integration technique shall

be invoked in conjunction with the Pines equatlon-of-motion

formulation (as discussed in section 4.2.3.1.1) until the num-

ber of steps in the integration interval have been completed.

! DO FOR I : I ____

, TO N_STEPS !
! !

!

!

CALL: RK GILL

IN LIST: _XN, DT STEP, T CUR, GMOP, GMDP, DMP, VMP,
ATMP, T PRED INIT

OUT LIST: XN, T CUR
D

The components of the output vector (XN) are the adjusted

initial conditions to be used in the Pines equations of motion

for a precision prediction conic solution.

After the calculations, as dictated by the testing of step 2, have been

performed, the Pines equations of motion will be invoked to solve for

the position and velocity vectors corresponding to T_PRED_FINAL:

CALL: PINES METHOD

IN LIST: _XN, T_CUR, GMOP, GMDP, DMP, VMP, ATMP, T_PRED INIT

OUT LIST: DERIV, X

F3 This equation shall be protected against division by zero (Reference 3.6-3).
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. Upon being calculated (whether by a precise technique or a single

step two-body solution), the final position and velocity are renamed

for output:

R PRED_FINAL = X I to 3

_PRED FINAL = X4 to 6

Interface Requirements.- Input and output requirements are contained in
table 4.3-2.

Pro____cessingRequirements.- This principal function requires user-supplied

values of gravity (GMOP and GMDP), drag (DMP), venting and uncoupled

thrusting (VMP), and vehicle-attitude (ATMP) mode flags, in conjunction with

the initial state and time (R _PRED INIT, V PRED INIT, T_PRED_INIT) and the

final time (T_PRED_FINAL). Appropriate acceleration models may be found _n

section 4.2.3.1.4. When using this function for Orbiter or target vehicle

state prediction, the venting and uncoupled thrusting flag (VMP) shall be set

to zero. Additionally, if drag modeling is desired for Orbiter or target
state prediction, the drag mode flag (DMP) should be set to one and the atti-

tude mode flag (ATMP) set equal to one for the Orbiter or equal to two for

the target. For prediction of the Orbiter's state, an Orbiter reference

area (PRED_ORB_AREA), an Orbiter drag coefficient (PRED_ORB_CD), and an

Orbiter mass (PRED_ORB_MASS) are also to be supplied. The Onorbit Precision

State Prediction principal function is called by the following modules

in the Onorbit/Rendezvous Navigation Sequencer principal function:

OPS 2 OR 8 INITIALIZE

REND NAV INIT

and by the following module in the Onorbit/Rendezvous Navigation principal
function:

ONORBIT REND AUTO INFLIGHT UPDATE

Constraints.- This module may only be invoked during onorbit or rendezvous

coasting flight. The minimum step size (PRED STEP) and maximum prediction

interval (TPRED_FINAL-T PRED_INIT) Js restricted by the maximum number of

integer steps which can be stored into the Orbiter's onboard computer in sin-

gle precision (i.e., 32767 steps). The user shall supply the appropriate

step size and prediction interval such that the maximum number of steps

never exceeds 32767 (AP-I01 maximum standard single precision integer).

Vent thrust is not to be modeled in prediction. Hence, the vent thrust flag

(VMP) is to be set to zero. Atmospheric drag is to be modeled with constant

coefficients. Hence, whenever drag is to be modeled in a prediction,

the vehicle attitude flag (ATMP) is not to be set to zero (see section

4.2.3.1.4).

Since the same compool locations are used by all users of this principal

function for setup and output, it is required that these parameters be

protected from alteration bv other u_r_ during _Y_,,+_ _ +_ -__
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function. Variables to be protected are listed as follows: GMOP, GMDP,

DMP, VMP, ATMP, PRED STEP, R PRED INIT, V PRED INIT, T PRED INIT,

R PRED_FINAL, V FRED FINAL, T_PRED_FINAL,-PRED_ORB_AREA, FRED ORB_CD,
PRED ORB MASS.

Su_m__en__ta__r/ Information.- The Onorbit Precision State Prediction principal

function shall be used for both precision and rapid state prediction.

Rapid state prediction consists of a less accurate, single-step two-body

F and G series solution involving no numerical integration. Table 4.3-3

lists several examples of input variable list combinations for the various

types of prediction performed. A suggested implementation of this principal

function may be found in Appendix C under the following:

ONORBIT PREDICT
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TABLE 4.3-I.- ONORBIT PRECISION STATE PREDICTION PRINCIPAL FUNCTION INPUT/OUTPUT

! ! ! ! !

! ! ! ! !

! Variable !Principal Function! Local !Principal Function!
! Name ! Source !Destination! Destination !

! ! ! ! !

!

!
Local !

Source !

!
! ! ! ! ! !

!Onorbit/Rendezvous! PINES ! TLM ! ONORBIT !! ATMP
!

!

!

!
!

! DMP

!

!

!

!
!

! GMDP
!

!

!

!
!

! GMOP

!

!
!

!

!

!Nay, Onorbit ! METHOD,RK_!
!Guidance, Onorbit/!,GILL !

!Rendezvous Nav ! !

!Seq, ORB MNVR DIP ! !
! ! !

!Onorbit/Rendezvous! PINES !

!Nay Onorbit ! METHOD,RK_!
!Guidance, Onorbit/! GILL !
!Rendezvous Nay ! !

!Seq, ORB MNVR DIP ! !
! ! !

!Onorbit/Rendezvous! PINES !

!Nay Onorbit ! METHO-D,RK_!
!Guidance, Onorbit/! GILL !
!Rendezvous Nay ! !

!Seq, ORB MNVR DIP ! !
! ! !

!Onorbit/Rendezvous ! PINES !

!Nay Onorbit ! METHOD,RK_!
!Guidance, Onorbit/! GILL !
!Rendezvous Nav ! !

!Seq, ORB MNVR DIP ! !
! ! !

! PRED ORB AREA!Onorbit/Rendezvous! ACCEL
!

!
!

!
!

! PRED ORB CD
p

!

!

!

!
!

!

!

!

!

!

!Nav Onorbit ! ONORBIT

!Guidance, Onorbit/!
!Rendezvous Nay !

!Seq, ORB MNVR DIP !
! !

!Onorbit/Rendezvous ! ACCEL

!Nay, Onorbit ! ONORBIT

!Guidance, Onorbit/!
!Rendezvous Nav !

!Seq, ORB MNVR DIP !
l l
l l
l !
l l
l l
l l

! PREDICT-- !
! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !
! !

! !
! !

! !

! !

! !
! !

! !
! !

! !

! !

! !

! !

! !
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!
!
! Variable
! Name
!

[ ! ! !
! ! ! !
!Principal Function! Local !Principal Function! Local
! Source !Destination! Destination ! Source
! ! ! !

!
! PREDORB
! MASS- -
!
!
!
!
I PREDSTEP
I
!
!

!
I R PRED

D-

I FINAL

I

I

!

!

I

!

! R
I

!

!

!
!

! SQR_EMU
I

!

! !

!Onorbit/Rendezvous! ACCEL

!Nay, Onorbit ! ONORB-IT

!Guidance, Onorbit/!
!Rendezvous Nay !

!Seq, ORB MNVR DIP !
! !

!Onorbit/Rendezvous! ONORBIT

!Nay, Onorbit ! PREDICT-

!Guidance, Onorbit/!
!Rendezvous Nav !

!Seq, ORB MNVR DIP !
! !

I !
! I

! I

! !
! !

! !

! !
! !

PRED INIT !Onorbit/Rendezvousl ONORBIT

!Nay, Onorbit ! PREDICT-

!Guidance, Onorbit/!
!Rendezvous Nay !

!Seq, ORB MNVR DIP !
! !

!Onorbit/Rendezvous! PINES

!Nay Seq ! METHOD
! !

l T PRED FINAL !Onorbit/Rendezvous! ONORBIT
o

!
!
!
!
!
! T PRED INIT
l
l
l
l
!

!Nav, Onorbit ! PREDICT-

!Guidance, Onorbit/!
!Rendezvous Nav !

lSeq, ORB MNVR DIP !
! !
!OnorbitlRendezvous! PINES

lNav, Onorbit l METHOD,

lGuidance, Onorbit/l RK_GILL
lRendezvous Nay l
lSeg, ORB MNVR DIP l
! l

! !
! !
! !
! !
! !
! !
! !
! TLM ! ONORBIT
! ! PREDICT-

l l

! !

l l

! !

! Onorbit/ I ONORBIT

I Rendezvous Nay, ! PREDICT-

! Onorblt Guidance,l
l Onorbit/ !
! Rendezvous Nay l

l Seq, TLM, ORB !
! MNVR DIP !
! l

! TLM ! ONORBIT

1 ! PREDICT

l l

l l

l l

l l

l l

l l

l l

! TLM I ONORBIT

l ! PREDICT-

l l

l l

! l
l l

I TLM ! ONORBIT
! ! PREDICT-

l l

l l

l l
l l
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Variable
Name

! _ ! !
! ! ! !
!Principal Function! Local !Principal Function!
! Source !Destination! Destination !
! ! ! !
! ! ! !

Local
Source

! VMP
!
!
!
!
!
l V
! FINAL

!
!

!

!

!
! V

!

!
!

!

PRED

!Onorbit/Rendezvous! PINES ! ! !

!Nay, Onorbit ! METHOD, ! ! !
!Guidance, Onorbit/! RK GILL ! ! !

!Rendezvous Nay ! ! ! !
!Seq, ORB MNVR DIP ! ! ! !
! ! ! ! !
! ! !Onorbit/Rendezvous! ONORBIT !

! ! !Nay, Onorbit ! PREDICT- !

! ! !Guidance, Onorbit/! !

! ! !Rendezvous Nay ! !
! ! !Seq, TLM, ORB MNVR! !

! ! !DIP ! !
! ! ! ! !

PRED INIT !Onorbit/Rendezvous! ONORBIT

!Nay, Onorbit ! PREDICT
!Guidance, Onorbit/!
!Rendezvous Nay !
!Seq, ORB MNVR DIP !

!

!
!

!

!

!
!
!

!

!

!TLM ! ONORBIT !
! ! PREDICT !
! ! !
! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
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,

' Variable Name ,

:
Input Source

! !

! ATMP ! *

!

! DERIV ! PINES METHOD

! !

! DMP ! *

! !

! DT MAX ! **

! !

! DT STEP !

! !

! GMDP ! *

I !

! GMOP ! *

! !

! PRED STEP ! *
p

I !

! R PRED FINAL !

! !

! R PRED INIT ! *

! !

! T CUR ! RK GILL

! !

! T PRED FINAL ! *

I !

! T PRED INIT ! *

I !

! VMP ! *

I !

I V PRED FINAL !

I !

! V PRED INIT ! *

! !

I X ! PINES METHOD

I !

I XN ! RK GILL

I !

I !

I !

! !

I !

! !

Output Destination

PINES_METHOD, RK_GILL, *

PINES_METHOD,RK_GILL

RK GILL

PINES_METHOD,RK_GILL

PINES_METHOD,RK_GILL

PINES._METHOD,RK_GILL

PINES__METHOD,RK_GILL, l

PINES_METHOD,RK_GILL

|

PINES METHOD,RK GILL

*P.F. I/O for onorbit precision state prediction principal function,

**see section 4.3

Initialization parameters, see section 4.7
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4.4 ONORBIT/RENDEZVOUS USER PARAMETER PROCESSING SEQUENCER PRINCIPAL FUNCTION

(ONORBIT_REND_UPP_SE0)

This principal function will provide a capability for initialization and control

of the principal functions and subfunctions associated with the computations of

user parameters during the onorbit/rendezvous operational sequence. This seque-

ncer will provide initialization and control of the onorbit user parameter state

propagation subfunction and those user parameter processing principal functions

used for this operational sequence.

Events to be used as cues by the sequencer for performing the required initial-

ization and sequencing are defined in the Level B GN&C CPDS. The particular

events and a sumary of the associated user parameter actions pertaining to this

user parameter sequencer are given in table 4.4-I.

At Detailed Requirements.- The Onorbit/Rendezvous User Parameter Processing

Sequencer will be initiated upon the occurrence of any of the following

events:

- Major mode transition from 106 to 201

- Major mode transition from 301 to 201

- Transition from OPS 2 to OPS 8

- Transition from OPS O0 to Major Mode 201

- Transition from OPS 8 to Major Mode 201

This sequencer shall be terminated upon the transition from OPS 2 or OPS 8

to OPS 3 or OPS 00.

The following paragraphs specify the detailed requirements that are sum-

marized in table 4.4-I. These requirements specify, for each of the event

cues to be utilized by the sequencer, the actions that the sequencer is to
initiate.

I . The onorbit user parameter processing sequencer shall first check the

following event flags to determine if an entry has been made into OPS 2

or 0PS 8 from another OPS sequence:

- EVENT_60; transition from OPS I to OPS 2

- EVENT El; transition from OPS 3 to OPS 2

- EVENT-84; transition from OPS 00 to OPS 2

- EVENT_60A; transition from OPS 8 to OPS 2

- EVENT_60B; transition from OPS 2 to OPS 8

a. If any of the above event flags has been set to "ON" by Moding,

Sequencing, and Control (MSC), or crew input and detected "ON" by
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this sequencer, a check shall be madeon a flag set by the Onorbit/
RendezvousNavigation Sequencer:

! OPS 2 OR .8.INITIALIZE
!

! COMPLETE ON

!
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TABLE 4.4-I.- ONORBIT/RENDEZVOUS USER PARAMETER PROCESSING SEQUENCER EVENTS

! !

Event ! Event !

No. ! Name/Descript_ on !
! !
! !

Action Taken by Sequencer in

Response to Event

6O

El

84

60A

73

69

60B

! Transition from
! OPS I to OPS 2
!

!
!

! Transition from

! 301 to 201
[

! Transition from

! OPS O0 to 201

!

! Transition from

! OPS 8 to 201

[

! Transition from

! 202 to 201
l

!

l

!

I Initiate guidance

!

!

I

l

! Transition from

! 201 to OPS 8

l

!

!

!

l

!

!

[

I

l

l

!

[

[

l

! Initiate cyclic execution of onorbit user !

! parameter state propagation and onorbit [

! user parameter calculations at a repetition !
! rate of 0.52 Hertz !

! !
! Same as Event 60 action !

! l

! !

! Same as Event 60 action !

! l

! !

! Same as Event 60 action !

! !

! !

! Cancel and reschedule the onorbit user !

! parameter state propagation to change the !
! cyclic repetition rate of onorbit user !

! parameter state propagation to repetition !
! rate of 0.52 Hertz. !

! I

! Cancel onorbit user parameter state !

! propagation. Reschedule cyclic processing I

! of onorbit user parameter state propagation !
! at a repetition rate of 1.04 Hertz !
' !

! Same as Event 60 action !

' l

! !

! l

! l

! !

! l

! l

! !

! !
! I

! l
! !

! !

l l

! !

! l
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This signal (=ON) indicates that the necessary initialization of cer-

tain state parameters has been accomplished within the Onorbit/

Rendezvous Navigation Sequencer (section 4.1) and that the onorbit/

rendezvous user parameter state propagation and onorbit user para-

meter calculations subfunctions shall commence at a repetition rate
of 0.52 Hertz.

. Next, a check shall be made to detect a transition from Major Mode 202

to 201; EVENT_73. Based upon this cue, execution of the onorbit user pa-
rameter state propagator shall be cancelled and rescheduled at a rate of
0.52 Hertz.

. A check shall now be made on the EVENT 69 cue (initiate guidance).

Based upon this cue, the current scheduling of the user parameter state

propagator is to be cancelled. Cyclic execution of this task is to be

rescheduled at a repetition rate of 1.04 Hertz beginning with this

event. The purpose of cancelling and rescheduling the onorbit user pa-

rameter state propagator upon the initiate guidance signal is to not

only change the execution rate, but to also get the execution of this

module in synchronization with the execution of onorbit guidance, which

is to be initiated at this time. This cancelling and rescheduling is to

be done "y" seconds prior to 0MS ignition, such that a subsequent user

state update will occur, as nearly as possible, at the time of ignition.

Interface Requirements.- Input and output requirements for this principal

function are presented in table 4.4-2.

Processing Requirements.- None

Constraints.- None

Supplemental Information.- A suggested implementation of the onorbit/

rendezvous UPP sequencer _n the form of detailed flow charts is shown in

Appendix D under ONORBIT REND UPP SEQ.
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TABLE 4.4.-2.- ONORBIT/RENDEZVOUS USER PARAMETER PROCESSING SEQUENCER
PRINCIPAL FUNCTION INPUT/OUTPUT

! ! ! !

! ! 7 !

Variable !Principal Function! Local !Principal Function! Local

Name ! Source !Destination! Destination ! Source
! ! ! !

! !

! EVENT 60 !MSC

! !

! !

! I

! EVENT 60A !MSC
m

! !

! !
! !

! EVENT El !MSC

! !

! !

!

!

I

EVENT 60B !MSC
p

!

!

!

EVENT_67 !MSC
!

!

!

EVENT_e9 IMSC
!

!

!

EVENT_73 !MSC
I

!

I

EVENT 84 IMSC

!

!

!

EVENT 60H !MSC

!
!

!

OPS 2 OR 8 !Onorbit/Rendezvous! ONORBIT

INITIALIZE_ !Nay Seq ! REND UPP
COMPLETE ! ! SEQ - -

! !

! ! !

! ONORBIT ! TLM !
! REND UPP ! !

D

! SEQ ! !

! ! !
! ONORBIT ! TLM !

! REND UP_ ! !

! SEQ ! !

! ! !

! ONORBIT ! TLM !

! REND UPP ! !

! SEQ ! !

! ! !

! ! I

• ! ! !

! ONORBIT ! TLM !

! REND UPP ! I

! SEQ ! !

! ! I

! ONORBIT ! TLM !
! REND UPP ! !

! SEQ ! !
I ! I

! ONORBIT ! TLM !
! REND UPP ! I

! SEQ ! !
! ! !

! ONORBIT ! TLM !

! REND UPP ! !

! SEQ ! !
! ! !

! ONORBIT ! TLM !
! REND UPP ! !

! SEQ ! !
! ! !

! ONORBIT ! TLM !

! REND UPP ! !

! SEQ ! !
! ! !

! !

! !
! !

! I
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4.5 USER PARAMETER PROCESSING PRINCIPAL FUNCTION

This principal function shall serve as the interface between navigation and

users of navigation-related data during the onorbit operational sequence. This

function shall maintain the vehicle state within the user parameter state propa-

gation subfunction and shall:

Provide this state to users who require vehicle state parameters in M50

coordinates (see User Parameter State Propagation, section 4.5.1 and

Onorbit User Parameter Calculations, section 4.5.2).

Provide the software to transform this state for users who require nay

state-related parameters (see User Parameter Calculations, section

4.5.2).

Interface parameters between this principal function and other GN&C principal

functions are presented in table 4.5.
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TABLE4.5.- USERPARAMETERPROCESSINGPRINCIPALFUNCTIONINPUT/OUTPUT

! ! ! ! ! !
! ! ! ! ! !
! Variable !Principal Function! Local !Principal Function! Local !
! Name ! Source !Destination! Destination ! Source !
! ! ! ! ! !

! ! ! ! ! !

! DEL R TARG ! ! ! Universal ! ONORBIT !
D

! ! ! ! Pointing, TLM ! USER !

! ! ! ! ! PARAMETER !

! ! ! ! ! CALCULATIONS!

! ! ! ! ! !

! DEL V TARG ! ! ! Universal ! ONORBIT !

! ! ! ! Pointing, TLM ! USER !
! ! ! ! ! PARAMETER !

! ! ! ! ! CALCULATIONS!

! ! ! ! ! !

! FILT UPDATE !Onorbit/Rendezvous! ONORBIT l ! !

! - !Nay, Onorbit/ ! REND USER ! ! 7

l !Rendezvous Nav Seq! PARAM -! ! !
! ! ! STATE PROP! ! !

! ! I ! ! !

! R AVGG ! !
! ! !

! l !

! ! !

! ! l

l !

! l
! !

! R EF !

! !

! !

! ! !

! ! !

!

!
l

!
!

!

-!

!

! REND NAV FLAG! REL NAV Display, ! ONORBIT !

! - - ! MSC ! REND USER !

! ! ! PARA_ -!

! ! l STATE- !

! ! ! PROP, !
! ! ! ONORBIT !

! ! ! USER !

! ! l PARAMETER !

! ! ! CALCULA- !

! ! ! TIONS !

! ! ! !
! ! ! !

! Onorbit Guidance,! ONORBIT !

! Startracker SOP, I REND USER I
! REL NAV SPEC ! PARAM STATE !

!! FUNC, Rendezous ! PROP

! Targeting,ATT l !

! PROC, Orbit ! !

! Maneuver DIP,TLM ! !
! ! !

! GN&C/SM-PL ! ONORBIT !

! ! USER !

! ! PARAMETER !

! CALCULATIONS!

l I

! l

I !

! l

l l

l !

! l

! !

! !

! !

l !

I I

l !
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I
Variable

Name

! ! ! !

! ! ! !

!Principal Function! Local !Principal Function!
! Source !Destination! Destination !

! ! ! !

Local

Source

I

! R RESET
!

!
!

!

! R TARGET

!
!

!

!

! R TV RESET

!

!

!

!

! TIMU

!

!

!
!

! T IMUS GA

!

!

! T RESET

!
!

!

!

! T SEC GMT

!

!
!

! T STATE
!

!

!

!

!

!

!

!Onorbit/Rendezvous! ONORBIT ! ! !

!Nay, Onorb_t/ ! REND USER ! ! !

!Rendezvous Nay Seq! PARAM -! ! !
! ! STATE-PROP! ! !

! ! ! ! !

! ! ! Star Tracker SOP,! ONORBIT !

! ! ! Rend Target, REL ! REND USER !
! ! ! NAV SPEC FUNC, ! PARAM STATE !

! ! ! TLM ! PROP !

! ! ! ! !

!Onorbit/Rendezvous! ONORBIT ! ! !

!

!

!
!

!

!
!

! IMU INT PROC

!

!

!Nay, Onorb_t/ ! REND USER !

!Rendezvous Nav Seq! PARAM -!
! STATE PROP!

! !
! ! TLM

! !

! !

! !

! !

! IMU DATA !

! SNAP !
! !

!Onorbit/Rendezvous! ONORBIT !

!Nay, Onorbit/ ! REND USER !

!Rendezvous Nay Seq! PARAM_ -!
! ! STATE PROP!

! ! !

! !
! !

! !

! !

! ONORBIT !
! REND USER !

! PARA STA E!
-- p

! PROP !

! !

! !

! !
! !

! !
! !

! !

! !

! !

! !

! !

! !

! !
! !

! !

! !

! !

! !

! GN&C/SM-PL ! ONORBIT USER!

! ! PARAMETER !
! ! CALCULATIONS!

! ! !

! REL NAV SPEC ! ONORBIT !

! FUNC, Rendezvous ! REND USER !

! Targeting, ! PARAM_STATE_!
! Onorbit Guidance,! PROP !

! Orbit Maneuver ! !

! DIP, TLM ! !
! ! !

! ! !
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!
!
! Variable
! Name
!

! ! _ !
! ! ! !
!Principal Function! Local !Principal Function!
! Source !Destination! Destination !
! ! ! !

Local !

Source ! (
! ! !

! V AVGG ! !
! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! V IMU CUR- ! IMU RM ! IMU DATA

! RENT - ! - ! SNAP

! ! !

! V IMU OLD ! !
I-- - ! l

l ! !

I ! !

l l !

! ! !

! Attitude Proc, ! ONORBIT REND!
! Orbit Maneuver ! USER PARAM_ !

! DIP,TLM,Star ! STATE_PROP !

! Tracker SOP,REL ! !

! NAV SPEC FUNC, ! !
! Rendezvous ! !

! Targeting, ! !
! Onorbit Guidance ! !

! ! !

! ! !

! ! !

! ! !

! Onorbit Guidance,! ONORBIT !
! REL NAV SPEC FUNCI REND USER !

! I PARAM_STATE !

! I PROP !

! V

l
l

!

l
! V RESET

!

!
!

!
! V RHO EF

!

!

!

!

! V TARGET

!

!

!

!
I V TV RESET

!
!

!

IMU RESET !Onorbit/Rendezvous! ONORBIT !

!Nav, Onorbit/ ! REND USER !
!Rendezvous Nav Seq! PARAM -!

I ! STATE-PROP!

! ! l

!Onorbit/Rendezvous! ONORBIT !

!Nay, Onorbit/ ! REND USER !

!Rendezvous Nay Seq! PARAM -!
! ! STATE-PROP!

! I

! l

! !

l !

! !

! l

! l

! !

l !

! !

! l

I

I GN&C/SM-PL

!

!

I
!

! Rendezvous

! Targeting, REL
! NAV SPEC FUNC,

! TLM

!

!Onorbit/Rendezvous! ONORBIT !

!Nav, Onorbit/ ! REND USER !

!Rendezvous Nav Seq! PARA-M -!
! ! STATE-PROP!

! ! !

I !

I !
l l

I !

l !

!

I !
! !

! l

I !

! ONORBIT l

! USER !

! PARAMETER !

I CALCULATIONSI

l l

! ONORBIT I

I REND USER !
! PARA STATE !
! PROP I

l l

l !

! !

I !
l !

! !

(
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!
!
! Variable
! Name
!

! ! ! !
! ! ! !
!Principal Function! Local !Principal Function!
! Source !Destination! Destination !
! ! ! !

!
Local !
Source !

!

i

! ! ! !

! USE IMU DATA !Onorbit/Rendezvous! ONORBIT !
! !Nay, Onorbit/ ! REND USER !

! !Rendezvous Nay ! PARAM - !

! !Seq ! STATE-PROP !
b

! ! ! !

! V IMU SNAP ! ! ! TLM

! ! ! !

! ! ! !

! ! ! !

! A SENSED ! ! ! TLM

! ! ! !

! ! ! !

! ! ! !
! ! ! !
l l l l
l l l l
l l l l
l l l l
l l l l
l l l l
l l l l
l l l l
l l l l
l l l l
! ! ! !
l l l l
l l ! l
l l l l
l l l l
l ! l l
l l ! l
l l l l
l l l l
l l l l
l l ! l
l l ! !
l l ! l
l l ! l
l l l !
! l ! !
l ! ! l

l !
l l
l l
l l
l !
l l
! ONORBIT REND!
l USER PARAM !

! STATE-PROP -!

l !

! ONORBIT REND!
! USER PARAM !

! STATE-PROP -!

l l
l l

l l

l !

l !

l l

l l

l !

l l

l l

l !

l !

l l

! !

l l

l l
l l

l l

l l
l l

l l

l l
l l

l l
l l

l !

! l

! l
! l
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4.5.1 User Parameter State Pro_a_atJon (ONORBIT..REND_USER PARAM_STATE_PROP)

The onorbit and rendezvous navigation state propagation subfunct_ons advance the

navigation state vector at relatively large _ntervals, at the end of which exter-

nal measurement data processed by the filter are incorporated when appropriate.

Users, such as guidance and displays, require a knowledge of the state vector at

shorter intervals. The onorbit and rendezvous user parameter state propagation

subfunction will satisfy the requirements of such users by integrating the equa-

tions of motion within the intervals of the navigation propagation with use of

a simplified computation of the gravitational acceleration in conjunction with
a small step size.

In the case of the Orbiter, if an indication exists that the acceleration

derived from the IMU sensed velocities is above a certain threshold level, this

acceleration is to be used in the integration process. The information about

the acceleration level takes the form of a flag (USE_IMU_DATA) which _s set to

ON or OFF by the navigation state propagation. The integration is to be

performed by an average-g process, using a modeled acceleration that contains

a simplified Earth gravitational force model. If the USE IMU DATA flag is found

to be set to ON, the sensed acceleration shall be used in-addition to the model

acceleration. If the USE IMU DATA flag is found to be OFF, only the modeled ac-

celeration is to be utili_ed _n the integration.

In the rendezvous phases it is also necessary to propagate the target vehicle

state. There being no IMU's _n this vehicle, only the modeled acceleration is

to be used in the integration.

This process will be restarted after each filter update with the filter states.

The values of the filter updated position and velocity vectors, together with

their time tag and the total accumulated IMU velocity, are stored (at each navi-

gation cycle) in special locations for use by the user parameter state propaga-

tion subfunction. This prevents the errors resulting from use of a less accu-

rate integrating scheme from becoming too large and, at the same time, provides

a synchronization between the propagation tasks.

A. Detailed Requirements.- A capability shall be provided for a fast computa-

tion of the position and velocity of the Orbiter during all phases of OPS 2

and OPS 8, and of the position and velocity of the target vehicle during all

rendezvous phases OPS 2. This computation shall provide the required state

vectors in an M50 coordinate system by the integration of the equations of

motion that include gravity accelerations and, for the Orbiter, the IMU

sensed velocities, if they give a significant contribution.

The following steps shall be performed (in the order indicated):

I. Snap the IMU accumulated sensed velocity and time tag:

SNAP (V _IMU_SNAP ,T_IMU)

(see section 4.2.2.1)
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In the case of the Orbiter, the value of the state that is to be

advanced (integrated forward in time) may be from one of two sources

(the one used depends on the tested value of the flag (FILT UPDATE),

which indicates the availability of a filter updated state)_

a. If an update from the filter is available (FILT UPDATE = ON), the

navigation filter updated state, together with its time tag and

associated IMU accumulated sensed velocity, is to replace the previ-

ous propagated state, time tag, and accumulated velocity. The fil-

ter updated values are R _RESET, V RESET, T_RESET and V IMU

RESET; the vectors maintained by the user parameter state propagator

are R AVGG and V AVGG. The time tag is T STATE. Thus, if FILT

UPDATE = ON, the following will be done:

R AVGG = R RESET

V AVGG = V RESET

V IMU OLD = V IMU RESET

T STATE : T RESET

Do If an update from the filter is not available (FILT UPDATE = OFF),

the propagated state, saved from the previous cycle, is to be

advanced. The value of the IMU-accumulated sensed velocity saved

from the previous cycle is available for state advancement purposes.

3. Compute the interval over which advancement is required:

.

o

DT IMU : T IMU - T STATE

Test the USE IMU_DATA flag. Then, if the value of the flag is found to

be ON, set

V IMU SNAP -V IMU OLD
A SENSED = ....... F3
-- DT IMU

If the value of the USE IMU DATA flag is OFF, set A SENSED = O.

The position and velocity vectors of the Orbiter shall then be obtained

by a call to the user parameter state integrator (see section 4.5.1.1).

CALL: AVERAGE G INTEGRATOR

IN LIST: R _AVGG, V AVGG, DT_IMU, A SENSED, T_STATE, T_IMU

OUT LIST: R AVGG, V AVGG

F3 This equation shall be protected against division by zero (Reference 3o6-3)-

4-291



BI

°

79FMI0

The calculations performed up to" this point refer to the Orbiter's

state. Propagation of the target state is required only during the

rendezvous phases• A flag (REND NAV FLAG), which has the value ON only

during these phases, shall then be consulted by the user parameters

state propagator.

Test the REND NAV FLAG. If it is found to be ON, test the FILT UPDATE

flag to determine-_f a filter updated target state is available_

a. If FILT UPDATE = ON,.set

R TARGET = R TV RESET

V TARGET = V TV RESET

where R TARGET and V _TARGET represent the position and velocity

vectors of the target vehicle advanced by the user parameter state

propagator, and R TV RESET and V TV RESET represent the target

state vectors from the navigation filter.

b • Advance the target state by a call to the integrator. In this call,

the vector that contains the sensed acceleration shall be set to

zero.

A SENSED = 0

CALL: AVERAGE G INTEGRATOR

IN LIST: _TARGET, V _TARGET, DT_IMU, A _SENSED,

T_STATE, T_IMU

OUT LIST: R TARGET, V TARGET

(see section 4•5.1.1)

After the state vector updates have been completed, the following

steps are to be executed:

7. Save the time tag output for use in the next cycle:

T STATE = T IMU

8. Save the latest IMU accumulated sensed velocity:

V IMU OLD : V IMU SNAP

9. Set the FILT UPDATE flag to OFF.

This completes the sequence of calculations of a user parameter state

propagation cycle.

Interface Requirements.- The input and output variables are listed in table
4.5.1.
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Processin_ Requirements.- None

Constraints.- None

Su__lementary Information.- A suggested implementation in the form of a

detailed flowchart is found in Appendix D under the name ONORBIT REND USER
PARAM STATE PROP. - - - -
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TABLE 4.5.1.- ONORBIT REND USER PARAM STATE PROP INPUT/OUTPUT
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Variable Name

!

! FILT UPDATE

!

i REND NAV FLAG

Input Source Output Destination

!

** !
!

ti !

!
li !

!
tl !

l
! II

!
tl !

!
!1 !

!
! II

!
II !

!
II !

!
II l

l

l **, AVERAGE G
! INTEGRATOR
!
! AVERAGE G INTEGRATOR
!

AVERAGEGINTEGRATOR ! "', AVERAGEG_
! INTEGRATOR

I

AVERAGE_G_INTEGRATOR ! s,, AVERAGEG_
! INTEGRATOR
1
!
!
!
!
!
!
!

!

D

!
! R RESET
!
! R TV RESET

!
! TIMU

I

! T RESET

!

! USE IMU DATA

I

! V IMU SNAP

I

i V IMU RESET
I

I V RESET

l

l V TV RESET

l

! A SENSED
I

I

I DT IMU

l
! R AVGG

m

I

l

I R TARGET

l

I
l

I

l

I

l

l
l

I

!
!
l
l
l
!
l
!
!
!
!
l
l
!
!
l
I
!
!
l
!
!
!
l
l
!
l
l
!
!
l
l
!
l
l
!
!
l
!
l
!
!
l
!
!

II

User parameter processing princlpal function, see section 4.5
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! Variable Name ! Input Source !
! _ !

Output Destination

! T STATE w t ** AVERAGEG
! ! ! INTEGRATOR

! V AVGG i AVERAGEG w ** AVERAGEG
• __ _ " 9

! ! INTEGRATOR ! INTEGRATOR - -

! ! !
! V IMU OLD ! ! **

! ! !

! V TARGET ! AVERAGE G ! **, AVERAGE G
! ! INTEGRATOR ! INTEGRATOR - -

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
! ! !

! ! !

! ! !
! ! !

! ! !

! ! !

! ! !
! ! !

! ! !

! ! !

! ! !

! ! !

! ! !

! ! !
! ! !

! ! !

! ! !
! ! !

! ! !

! ! !

! ! !

! ! !

**User parameter processing principal function, see section 4.5
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4.5.1.1 Integration (AVERAGE G INTEGRATOR)

The integration subfunction is called by the user parameter state propagation

subfunction to propagate the Shuttle and target state vectors to current time.

A. Detailed Requirements.- Th_s subfunction is called with the following inter-

nal variables in the IN LIST and OUT LIST:

IN LIST: R _AV, V _AV, DTIME, AC, T_STATE, T_IMU

OUT LIST: R AV, V AV

where

user parameter state vector

DTIME interval to propagate state vector over

AC acceleration vector

T STATE user parameter time tag

T IMU current time

The following steps shall be performed (in the order indicated);

I • By means of a call to the acceleration function, compute the gravitat-

ional acceleration for the input state vector and corresponding time

tag (see section 4.2.3.1.4):

GR : ACCEL_ONORBIT (GMDEG LOW, GM_ORDLOW,DFL_AVG, VFL_TV,

ATFL_OV, R _AV, V _AV, T_STATE)

2. Advance the position vector by the average-g method:

R_AV : R _AV + DTIME (V _AV + .5 DTIME (AC + GR))

3. Use this updated position vector and the current time to find a new

value of the gravitational acceleration (see section 4.2.3.1.4):

GRI = ACCEL ONORBIT (GM DEG LOW, GM ORDLOW, DFLAVG, VFL_TV,

ATFL_OV, R [AV, V AV, T_IMU)

4. Advance the velocity vector by the average-g method:

V_AV : V _AV + DTIME (AC + .5 (GR + GRI))

The quantities GMDEGLOW, GM ORD LOW, VFL TV, DFL_AVG, and ATFL OV are
pad-loaded values of the various acceleration constants, designed for

high usage rates (see section 4.7 for values).
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Interface Requirements.- The input and output variables are l_sted in table
"4.5.1.1.

ProcessiDg_Re__quirements.- None

Constraints.- None

Supplementary Information.- A suggested implementation _n the form of a

detailed flow chart is found in Appendix D under the name

AVERAGE G INTEGRATOR.
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TABLE 4.5.1.1 .- AVERAGE G INTEGRATOR INPUT/OUTPUT
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Inlist/Outlist

! Internal
! Name

!

! AC

!
!

! DTIME

!

!

! R AV

!

!

!TIMU
m

!

!

I T STATE

!
I

! V AV

!

!

! AC
m

I
!

! DTIME

!

!

! R AV

!
!

! TIMU
!

!

! T STATE

!

I

! V AV

!

!

! R AV

!
!

! V AV
!

!

!

!

External ! Input Source
Name !

A SENSED ! ONORBIT REND USER
! PARAM STATE PROP -

!

DT IMU ! ONORBIT REND USER

! PARAM STATE PROP -
!

R AVGG ! ONORBIT REND USER

! PARAM SPATE PROP -

!

T IMU ! ONORBIT REND USER

! PARAM STATE PROP

!

T STATE ! ONORBIT REND USER
! PARAM SPATE PROP -

!

V AVGG ! ONORBIT REND USER

! PARAM STATE PROP -

I

A SENSED ! ONORBIT REND USER

! PARAM STATE PROP -

!

DT IMU ! ONORBIT REND USER

- ! PARAM STATE PROP -

!

R TARGET ! ONORBIT REND USER
! PARAM STATE PROP -

!

• T IMU ! ONORBIT REND USER
! PARAM STATE PROP -

I

T STATE ! ONORBIT REND USER
! PARAM STATE PROP -

!

• V TARGET ! ONORBIT REND USER

- - ! PARAM STATE PROP -

!

R AVGG !

!

!

V AVGG !

!
!

Output Destination

ONORBIT REND USER
PARAM STATE PROP -

ONORBIT REND USER
PARAMS-TATE PROP -
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Inlist/Outlist

Internal

Name
! External
! Name

!

! R AV

!

! R TARGET

Input Source Output Destination

! ONORBIT REND USER
!

!

! V AV
!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! V TARGET
l

!

!

!

!

!

!
!

!

!

l

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

l

!

!

!

!
!

!
!

!

l

!

!

!

!

!

!

!

!

!

!

.!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

l

!

!

!

!

!

! PARAM STATE PROP -

!

! ONORBIT REND USER

! PARAM STATE PROP -

l

!
!

!

!

!
!

!

!

!

i

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

l

!

!

!
!

!

!

!

!

!

!
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Variable Name

ATFLOV

DFL AVG

GMDEGLOW

GMORDLOW

VFL TV

%

Input Source

! **

!

! **

!

! m,

! **

!

! **

!

! ACCEL ONORBIT

!
!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

Output Destination

!

! ACCEL ONORBIT

!

! ACCEL ONORBIT

!

! ACCEL ONORBIT

!
! ACCEL ONORBIT

!

! ACCEL ONORBIT

!

!

!

!

!
!

!

!

!
!

!
!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

ml

Initialization parameters, see section 4.7
%Value returned from the function
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Onorbit User Parameter Calculations (ONORBIT_USER_ PARAMETER.CALCULATIONS)

D

This subfunction contains software to compute quantities required by the

GN&C/SM-PL interface and the universal pointing principal function. These calcu-

lations are required during OPS 2.

A. Detailed Requirements. - The following steps shall be performed (in the
order indicated):

I , If the rendezvous nay flag is set on (REND NAV FLAG = ON), the delta po-

sition and velocity vectors in the M50 system are computed. These

vectors represent position and velocity vectors from the Shuttle to the

rendezvous target.

DEL R TARG = R TARGET - R AVGG

DEL V TARG = V TARGET - V AVGG

. The M50 to Greenwich-true-of-date transformation matrix is computed at
the time of the state vectors, T STATE.

M50 TO EF : EARTH_FIXED TO M50_COORD(T_STATE) T

. The Shuttle state vector (R _AVGG, V _AVGG) is transformed into the

Greenwich-true-of-date, and the Earth's rotational effects are added

to the X and Y components to yield the Earth-relative velocity vector.

R EF : M50 TO EF R AVGG

V EF : M50 TO EF V AVGG

V_RHO_EF I : V_EF I + EARTH_RATE R_EF 2

V_RHO_EF 2 : V_EF 2 - EARTH_RATE R_EF I

V_RHO_EF 3 : V_EF 3

4. The Greenwich mean time associated with the position and velocity

vectors is then saved:

T SEC GMT : T STATE

B. Interface Requirements.- Input and output parameters for this subfunction
are shown in table h.5.2.

C. Processin___Rg_u_rements.- Processing requirements for this subfunction are

specified in the ONORBIT_RENDUPP_SEQUENCER.

D. Constraints.- None
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Et Supplemental Information,- Asuggested implementation in the form of a

detailed flowchart can be found in Appendix D under the name:

ONORBIT_USER_PARAMETER_CALCULATIONS
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Variable Name
:

! Input Source !
! !

Output Destination

!

! EARTH RATE
p

!

! R AVGG
!

! REND NAV FLAG

! R TARGET

!

! T STATE

!

! V AVGG
D

!

! V TARGET
!

!t
!

! DEL R TARG

!

! DEL V TARG

!

! T SEC GMT

!

! V RHO EF

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

! ** !

! !

! *** !

! !
! *** !

! !

! *** !

! !
! *** !

! !

! *** !

! !

! *** !

! !

! EARTH FIXED TO MSO uuuHu!
! !

! !
! !
! !

! !
! !
! !

! !

! !
! !
! !
! !
! !
! !

! !
! !

! !
! !
! !

! !
! !
! !

! !
! !

! !

l*l

**l

***Initialization parameters, see section 4.7
User parameter processing principal function, see section 4.5

tValue returned from the function

4-303



79FMI0

4.6 LANDINGSITE UPDATEPRINCIPALFUNCTION(LANDINGSITE UPDATEPRINCIPAL
FUNCTION) ....

This function provides the capability to reconfigure the dynamic parameters
pertaining to the runway and TACANs_tes, which are to carry over into OPS3 for
use during the deorbit through landing operational sequence. This section de-
scribes the software processing for data transfer from maxi to mini tables for
runway and TACANparameters. Output from this function is via the OPS2 data
list. The requirements of this function are to give the crew specific control
via keyboard input to:

Effect a maxi to mini table transfer of runway data (including MSBLS
where available and the TACANsappropriate for the primary runway
selection).

- View the current (latest) choice of runway identifying parameters on the
orbit OPSdisplay.

Provide the current mini table data at the end of OPS2 to be available
for use in OPS3. If this function is not executed in OPS2, the I-
Loadedmini tables contain default values appropriate for nominal end of
mission use in OPS3.

The guidance targeting uplink OPSformats (PEG4 and PEG7) also contain parame-
ters identifying a request for maxi to mini data transfer. Thus the appropriate
uplink processors mayalso invoke this process and provide the necessary input
data.

A. Detailed Reguirements.- The landing site update principal function may be

invoked during OPS 2 by the universal pointing display function. This func-

tion may be performed whenever the OPS display is active and will respond to

crew input from the keyboard. This function may also be invoked by the

uplink processors for the PEG 4 and PEG 7 command uplink.

The principal function requires two tables in memory for both runways and
TACAN:

- Runway and TACAN maxi tables

- Runway and TACAN mini tables

The runway maxi table consists of data sets for 18 runways and 4 MSBLS to

support contingency landing sites which are grouped by geographic location.
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Runways

Run__. Maxi Table

MSBLS* Geographic Locations

I-3 I-2 A

4-6 3-4 B

7-8 C

The runway mini table contains data for three runways and two MSBLS

installations. The data in this table is normally I-Loaded to support the

nominal end of mission (OPS-3); however, these data may be overwritten by
invoking the principal function to transfer contingency site data. The mini

table is considered to consist of runways 19, 20 and 21 initially, that is:

Runway Mini Table

Runway No

19
2O

21

Runway Designation

PRIMARY (Runway and associated MSBLS site data)
SECONDARY (Runway and associated MSBLS site data)
ALTERNATE (Runway site data)

The parameters PRI MAXI CURRENT, SEC MAXI CURRENT, and ALT MAXI CURRENT are

used to specify which of the maxi table runways have been _ransferred to the

respective mini table locations. Prior to any such transfer, the parameters

should be initialized to the values 19, 20, and 21, respectively, to indicate
that the I-Loaded mini table values are current and have not been over-

written. Following any transfer of data, the appropriate parameters will

be updated to identify the current contents in the runway mini table.
These three parameters are output to the universal pointing display.

The runway tables consist of data sets of the following parameters:

Geodetic latitude

Longitude

Runway azimuth

Altitude above reference ellipsoid

Ah for MSL at runway site (from reference ellipsoid)
Magnetic variation

Runway name (six character string; example: EDW17)

MLSAVAIL (primary and secondary runways only)

i

**MSBLS installations are available for runways I, 2, 4 and 5.

For any of these initial contents which are overwritten, _t may thereafter con-
sist only of runway number I to 18.

4-305



79FMI0

The following parameters are associated with available MSBLS SITES; i.e.,

for runways in maxi table slots I, 2, 4, and 5 and for the I-Loaded mini table

runways designated PRIMARY and SECONDARY.

LAT MLS R AZ

LONG MLS R AZ

ALT [4LS R AZ

R AZ SC7%NNER BEARING

LAT MLSEL

LONG MLSEL

ALT MLSEL

EL SCANNER BEARING

BI SMLSR2mGE
BIAS-AZMLS

BIAS ELMLS

X DMEAZ RW

X-EL RW-

Y DMEAZ RW

The TACAN maxi table consists of 50 TACAN's grouped according to proxlm_ty

to the approach path to landing at a particular runway site; they are grouped
as foll ows :

TACAN Runway Geographic Location

1-10

11-20

21-2526-30)

36-40

(41-4546-50/

A

B

C(o)
E)(F
0)(H

The TACAN mini table is I-Loaded to support the initial (I-Load) mini

table runways, but it shall be reconstructed automatically by a trans-

fer of a maxi table runway to the mini table primary runway. For example,

if any maxi table runway in geographic area B Is transferred to the mini

table primary runway, then the TACAN's for area B (# 11-20) will also be

transferred to the TACAN mini table.

The TACAN tables contain the following data for each TACAN site:

TACAN channel number

Geodetic latitude

Longitude

Height above reference ellipsoid

Ah for MSL correction at TACAN site

Magnetic variation

Positive for X-mode

Negative for Y-mode
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TACAN bearing bias *
TACAN range bias *

The runway maxi table to mini table transfer is performed on demand and ex-

pects one or more of the discretes, ITEMI IN, ITEM2_IN, or ITEM3_IN to be

ON. If ITEMI_IN (primary runway) or ITEM2_IN (secondary runway) is set to

ON, both runway site data and the corresponding MSBLS site data (if avail-

able, that is, for choice of runway = I, 2, 4, or 5) from the maxi table is

to be loaded into the primary or secondary data locations, respectively,

within the mini table. If ITEM3_IN (alternate runway) is set to ON, only
runway site data are to be loaded into the alternate runway data locations

within the mini table. The integers PRI_MAXISELECT, SEC MAXI SELECT, and
ALT MAXI SELECT indicate which data set within the maxi table _s to be

transferred to the corresponding data set within the mini table. After

performing the data transfer, the appropriate ITEMI_IN, ITEM2_IN, or ITEM3_
IN is set to ON for output.

Whenever the primary runway data has been altered bY a maxi to mini data

transfer, TACAN data are to be automatically transferred from the maxi TACAN

table to the mini TACAN table according to the primary runway's geographic

location; specifically, if ITEMI IN is "ON" and PRI MAXI Sk_,.ECThas a value
of I, 2, or 3, then TACAN data sets 1-10 from the maxi TACAN table are to be

transferred to the mini table. Likewise, if PRI MAXI SELECT has a value of
4, 5, or 6, then TACAN data sets 11-20 from the maxi TACAN table are to be

transferred to the mini table. Finally, whenever PRI MAXI SELECT is 7

through 10, or 11 through 14, or 15 through 18, TACAN-data-sets 21-30 or 31-

40 or 41-50, respectively, from the maxi table are to be transferred to the

mini table. Note that transfer into secondary or alternate mini table

runway slots does not cause additional TACAN transfers; this is

operationally redundant.

The ORBIT OPS display also provides additional identification of the mini

table contents. That is, it displays RUNWAYNAME_PSL, RUNWAYNAME_SSL, and
RUNWAYNAME_ASL, which are contained in the runway mini table. These parame-
ters consists of 6 characters - three letters and two numbers and a blank -

e.g: KSC15 or KSC33 for the RTLS runways at KSC.

Interface Requirements.- The input and output parameters are shown in table
4.6-I. Maxi and mini tables are initialized by I-load. Values for display

indicating initial primary, secondary, and alternate runway selections are

initalized to 19, 20, and 21 (parameters PRI MAXI CURRENT, SEC MAXI CURRENT
and ALT MAXI CURRENT, respectively). The I-Toad parameter interface is
shown in table 4.6-2.

*Contained only in the mini table; assumed equal to zero for maxi table TACANs.
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ProcessJn_ Requirements.- It is not intended that this principal function be
invoked for a nominal mission; therefore, the universal pointing display

should show the nominal values prior to execution of this function. The

mini table data carried across the OPS 2 to OPS 3 transition should be the

I-loaded mini tables if this function is not invoked, or the last current

status if this function had been invoked.

Constraints.- If this principal function is invoked during OPS 2, followed

by a transition to another OPS and then a transition back into OPS 2, the

mini tables should not be reinitialized to their premission I-loaded values;

they shall maintain their last current values when the transition of OPS 2

occurred.

Supplementary Information.- A suggested implementation of these requirements

is illustrated by a detailed flow diagram shown in Appendix E under the fol-

lowing name:

LANDING SITE UPDATE
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TABLE 4.6-I .- LANDING SITE UPDATE PRINCIPAL FUNCTION INPUT/OUTPUT

! ! ! !

! ! ! !

Variable !Principal Function! Local !Principal Function! Local
Name ! Source !Destinat _on ! Destination ! Source

! ! ! l
! ! ! !

! ALT MAXI
! SELECT -

!
!

! ITEMI IN
p

!

!

!

! ITEM2 IN

!

!
!

! ITEM3_IN
!

l
l

! PRI MAXI

! SELECT -

I
!

! SEC MAXI
! SELECT -

!

!

! ALT MAXI
! CURRENT-

l

!

! PRI MAXI
! CURRENT-

!

! RUNWAY NAME

! ASL
l

!

! RUNWAY NAME

! PSL

!

l

! Univ Point(6.27),l LANDING ! !
! Uplink PROC. ! SITE l !
! ! UPDATE ! !
! ! ! !
! Univ Point(6.27), ! LANDING ! !
! Uplink PROC. ! SITE ! !
l l UPDATE ! !
! ! ! !
! Univ Point(6.27) ,! LANDING ! !
! Uplink PROC. I SITE ! !
! ! UPDATE ! !
! ! ! !
! Univ Point(6.27) ,! LANDING ! !
! Uplink PROC. ! SITE l !
! ! UPDATE l l
! l ! !
! Univ Point(6.27) ,! LANDING ! !
! Uplink PROC. ! SITE ! !
! ! UPD_E ! !
! ! ! !

! Univ Point(6.27) ,! LANDING ! !
! !
! l

l l

! Uplink PROC. ! SITE
! ! UPDATE

! !

! !
! !

! l

! l

! Univ Point (6.27)! LANDING
! ! SITE

! ! UPDATE

! !

!
!
!
!
!
!
!
l
!
!
!
!
!
l
!
!
!
!
!
!
l
!
!
!
l
!
!
!

! Univ Point (6.27)! LANDING SITE!! !

! ! ! ! UPDATE !
! l ! ! !
! ! ! Univ Point (6.27)! MAXI RWY !
! ! ! ! TRANSFER- l
! ! ! ! CODE l
! ! ! ! !
! ! ! Univ Point (6.27)! MAXI RWY !
! l ! ! TRANSFER- !
! l l ! CODE !
! ! ! ! !
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!
!
! Variable
! Name
!
!
! RUNWAYNAME
! SSL
!
!
! SECMAXI
! CURRENT-
!
I
!
!
!
!
!
!
!
!
!
!
I
I
!
!
!
!
!
!
I
!
!
I
I
I
I
!
!
!
!
!
!
!
l

! ! !
! ! !

Principal Function! Local !Principal Function!
Source !Destination! Destination

! !
! !
! ! Univ Point (6.27)
! !
! !
! !
! ! Univ Point (6.27)

! !
I !
! !

! !

! !
I !
! !
! !
! !
! !
! !
! !
! !
! !
! !
! !
! !
! !
! !
I !
! !
! !
! !
! !
! !
! !
! !
! !
! !
! !
I !
! !
I !

!

Local !
Source !

!
MAXIRWY !
TRANSFER- !
CODE !

!
LANDINGSITE!
UPDATE !

!
!

!

!

!

!

!
I

!

!
!

!

!
!

!

!

!

!

!
!

!

I

!

I

!
!

!

!

!

!

!

!

!

!
!
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TABLE 4.6-2.- LANDINGSITE UPDATE PRINCIPAL FUNCTION I-LOAD PARAMETERS

! ! !

! Level C ! !

! Symbol ! Input Source !

! ! !

! ! !

! RW LAT PSL ! ** !

! ! !

! RW LON PSL ! ** !

I ! !

! RW AZIMUTH PSL ! ** !

! RUNWAY ALT PSL ! ** !

! ! !

! RW DELH PSL ! ** !

! ! !

! RW MAG VAR PSL ! ** !

! ! !

! LAT MLS R AZ PSL ! ** !

! ! !

! LONG MLS R AZ PSL ! ** !

! ! !

! R AZ RADAR BEARING PSL ! ** !

! ! !

! ALT MLS R AZ PSL ! ** !

! ! !

! LAT MLSEL PSL ! ** !

! ! !

! LONG MLSEL PSL ! ** !

! ! !

! ALT MLSEL PSL ! ** !

! EL SCANNER BEARING PSL ! ** !

! ! !

! BIAS MLSRANGE PSL ! ** !

! ! !

! BIAS AZMLS PSL ! ** !
p

! ! !

! BIAS ELMLS PSL ! ** !

! ! !

! X DMEAZ RW PSL ! ** !

! ! !

! X EL RW PSL ! ** !

! ! !

**I nitialization parameters see section 4.7 (These parameters may also be

dynamically updated.)
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TABLE 4.6-2.-'Continued

: ! !

! Level C ! !

! Symbol ! Input Source !
! ! !

! ! !

! Y DMEAZ RW PSL ! ** !
P

! ! !

! MLS AVAIL PSL ! ** !

! RUNWAY NAME PSL ! ** !
! ! !

! RW LAT SSL ! ** !

! ! !

! RW LON SSL ! ** !

! ! !

! RW AZIMUTH SSL ! ** !

! ! !

! RUNWAY ALT SSL ! ** !

! ! !

! RW DELH SSL ! ** !

! ! !

! RW MAG VAR SSL ! ** !

! ! !

! LAT MLS R AZ SSL ! ** !

! ! !

! LONG MLS R AZ SSL ! ** !
! ! !

! R AZ RADAR BEARING SSL ! ** !

! ! !

! ALT MLS R AZ SSL ! ** !

! ! !

l LAT MLSEL SSL ! ** !
! ! !

! LONG MLSEL SSL ! ** !

! ! !

! ALT MLSEL SSL ! ** !

! ! !

! EL SCANNER BEARING SSL ! ** !
! ! !

! BIAS MLSRANGE SSL ! ** l

! ! !
! BIAS AZMLS SSL ! ** !

! ! !

! BIAS ELMLS SSL ! ** !

! ! !

! X DMEAZ RW SSL ! ** !

! ! !

**Initialization parameters, see section 4.7 (These parameters may also be

dynamically updated.)

(
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! ! !

! Level C ! !

! Symbol ! Input Source !
! _ !

! ! !

! X EL RW SSL ! ** !

! ! !

! Y DMEAZ RW SSL ! ** !
m

! ! !

! MLS AVAIL SSL ! ** !

! RUNWAY NAME SSL ! ** !
p

! ! !

! RW LAT ASL ! ** !

! ! !

! RW LON ASL ! ** !

! ! !

! RW AZIMUTH ASL ! ** !

! ! !

! RUNWAY ALT ASL ! ** !

! ! !

! RW DELH ASL ! ** !

! ! !

! RW MAG VAR ASL ! ** !

! ! !

! RUNWAY NAME ASL ! ** !

! ! !

! LATITUDE GEODETIC ! ** !

! ! !

! LONGITUDE EAST ! ** !

! ! !

! ALT ABOVE ELLIPSOID ! ** !

! ! !

! MSL ABOVE ELLIPSOID ! ** !

! ! !

! MAGNETIC VARIATION ! ** !

! ! !

! TAC ID ! ** !

! ! !

! RW LAT ! ** !

! ! !

! RW LON ! ** !

! RW AZIMUTH ! ** !

! ! !

I!

Initialization parameters, see section 4.7 (These parameters may also be
dynamically updated.)
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, ! ,

! Level C ! !

! Symbol ! Input Source !
! ! !
, ! !

! RUNWAY ALT ! ** !

! ! !
! RW DELH ! ** !

m

I ! !

! RW MAG VAR ! ** !
! t !

! RUNWAY NAME ! ** !
! ! !

! LAT MLS R AZ ! ** !

! I !

! LONG MLS R AZ ! ** !

! ! .1

! R AZ RADAR BEARING ! ** I

l ! !

! ALT MLS R AZ ! ** I

! ! !

t LAT MLSEL ! ** t
! [ !

! LONG MLSEL ! ** !

t I [
! ALT MLSEL ! ** !

I [ I

! EL SCANNER BEARING ! ** !
! ! [

l BIAS MLS RANGE ! ** !
I I !

! BIAS AZML ! ** !

! ! t

f BIAS ELMLS ! ** !

I ! !

t X DMEAZ RW ! ** !
! ! t

! X EL RW ! ** l
I ! !

! Y DMEAZ RW ! ** !

! ! !

! TACAN ID MAXI ! ** !
I ! !

! LATITUDE GEODETIC MAXI t ** !
I l !

II

Initialization parameters, see section 4.7 (These parameters may also be
dynamically updated.)
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Leve I C

Symbol

LONGITUDE EAST MAXI

ALT ABOVE ELLIPSOID
-- D

MAXI

MSL ABOVE ELLIPSOID

MAXI

MAGNETIC VARIATION

MAXI

! Input Source
!

!

! **

!

! **

!

!

! **

!

! **

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

**Initialization parameters, see section 4.7 (These parameters may also be

dynamically updated.)
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4.7 INITIALIZATION OFSPECIFICOPS2 NAVIGATIONPARAMETERS

It is required that initial values for certain specific parameters be madeavail-
able for use by the navigation flight software. These parameters can be divided
into six categories:

I • Level A Constants - Those parameters with values that are not mission

related nor design dependent. These parameters and values are defined

in Level A CPDS (SS-P-OOO2-170D).

• Mission Dependent Parameters - Those parameters with values that may

change from mission to mission. These parameters and their values will

be defined in an I-LOAD FSSR that has not been written as of the date of

this document.

o Design Dependent Parameters - Those parameters whose values are

considered to be a part of the software design. These parameters and

values are defined in this book.

• Hard Codeable Parameters - Those parameters whose values must be defined

but are neither mission dependent nor design dependent and are not

defined by the Level A CPDS.

5. Other required initial values - Those parameters whose values do not fit

in any of the four above categories.

• OPS Transition Parameters - Those parameters whose values are needed by

the 0PS 2 navigation flight software, or calculated by OPS 2 for an OPS

transition to OPS 8, OPS 3, or OPS 00.

These six categories of initialization parameters are denoted in the
INITIALIZATION CATEGORY column of the variable lists in the appendices by the

following abbreviations:

C - Level A constants

MD - Mission dependent parameters

DD - Design dependent parameters

HC - Hard codeable parameters

IV - Other required initial values

OPS - OPS transition parameters
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4.8 DOWNLISTREQUIREMENTS

Downlist requirements for the Onorbit/Rendezvous (OPS-2) operations computer
load are given in the ComputerProgramDevelopmentSpecification (CPDS)Vol I,
Book 4, Downlist/Uplink Software Requirements (SS-P-0002-140F). Data that will
be available for downlist maybe found in the principal function input/output
tables marked with TLMas output destination. They may also be found in the var-
iable lists of appendices A, C, D, E and F indicated by the word "downlist" in
the Uplink/Downlist column of the variable lists.
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4.9 UPLINKREQUIREMENTS

The following subsections identify uplink requirements to support the orbital
operations computer load onboard navigation software. Each subsection
identifies a specific set of parameters which are candidates for uplink and de-
tails the structure of the formatted load, specifies any OP-CODEchecking and/or
special processing required as a result of the occurrence of the particular
uplinked data, and describes any special constraints involved. All navigation
related uplink parameter requirements are grouped into the following
categories:

- Orbiter state vector uplink parameters (section 4.9.1)

- Rendezvousvehicle state vector uplink parameters (section 4.9.2)

- Vent/RCSthrust body force vector uplink parameters (section 4.9.3)

- Drag model correction factor uplink parameter (section 4.9.4)

- Covariance matrix uplink parameters (section 4.9.5)

- Landing/TACANtable uplink processing (section 4.9.6)

- Landing site selection parameters (section 4.9.7)
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4.9.1 Orbiter State Vector Uplink Parameters (ORBITER_STATE_VECTOR_UPLINK)

The parameters to be candidates for change via command uplink associated with

the Orbiter state vector update include the Orbiter M50 position and velocity
vectors, and the associated time tag.

n . Detailed Requirements.- The Orbiter M50 position and velocity vectors with

the associated time tag (GMT) can be changed via a formatted load structured

as described in table 4.9.1-I. The following high-rate special processing

is required upon receipt of an Orbiter state vector command uplink load:

I . A bit-string (OP-CODE) shall have been set to the "Orbiter state vector

uplink" OP-CODE value (0001001) by the ground uplink processing software
when data are received from the ground.

. The bit-string (OP-CODE) shall first be tested by the special processing

software to determine if it equals the value specified for an Orbiter
state uplink:

i OP-CODE : 00

I

. If the above is true, a flag (DO OV UPLINK) shall be set to ON, and the

uplinked Orbiter state vector with associated time tag shall be stored
in special locations:

DO OV UPLINK : ON

R GND = BUFFER R

V GND = BUFFER V
GND = BUFFER

and the OP-CODE shall be nulled.

OP-CODE = 0000000

Once the special high-rate special processing has been performed by the

ground uplink software, additional low-rate special processing is

required to be performed at a particular point during execution of the

next navigation cycle. Detailed requirements for the low-rate special
processing requirements are presented in section 4.2.5.1.

B. Interface Requirements.- The input/output required for the high-rate special

processing s/w are listed in table 4.9.1-2. Required input and output for

low-rate special processing s/w are listed in table 4.2.5.1.

C. Processin_ Requirements.- The high rate special processing detailed in this

section shall be performed at a fast enough rate so that if two command

uplinks (Orbiter and target) are transmitted between navigation cycles, both
sets of data (including the DO OV UPLINK and DO TV UPLINK flags) will be
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available to the low _ (nay) - rate special processing software. The low-
rate special processing (section 4.2.5.1) shall be performed during a naviga-

tion cycle immediately following the normal state vector propagation and dur-

ing rendezvous navigation phases covarlance matrix propagation subfunctions.

Constraints.- Because of a system software requirement to clear uplink data

buffers in a relatively short amount of time, and because of the relatively

slow rate at which the onorbit/rendezvous navigation principal function will

be operating, a fast-rate special processing function is required to buffer

off the data and set flags. There is also a requirement to be able to

update both the Orbiter and the target states in a single navigation cycle,

if such data has been uplinked.

Supplementary Information.- A suggested implementation of the Orbiter state

vector formatted load special processing requirements in the form of

detailed flowcharts, are presented in Appendix F under:

ONORBIT_REND_AUTO INFLIGHT UPDATE (low-rate special processing)

ORBITER_STATE_VECTOR_UPLINK (high-rate special processing)
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Level B

Mnemonic

! !

! UPLINK BUFFER DATA !

! ! !

i Name ! Description !
! ! I

Command

Word

!

!

! Data

! Type
!

!! ! !

!

!

! Units

!

!

!

! BUFFER_R I ! X-Position in M50 ! CW3, CW4
! ! coord !

! ! !

I BUFFER_R 2 ! Y-Position in M50 ! CW5, CW6
! ! coord !

! BUFFER_R 3 ! Z-Position in M50 ! CWT, CW8
! ! coord !

! BUFFER_V I ! X-Velocity in M50 ! CW9
! ! coord !

! ! !

! BUFFER_V 2 ! Y-Velocity in M50 ! CWI0
! ! coord !

I ! !

! BUFFER_V 3 ! Z-Velocity in M50 ! CW11
! ! coord !

! ! !

! BUFFER_T ! Time Tag in M50 ! CWI, CW2
! ! I

DF

DF

DF

SF

SF

SF

DF

! ft !

! !
l I

! ft !
! I

! 1
! ft !
! I

! I

! ftlsec !
! !

! !

! ft/sec !
! !

l !

!ft/sec !
! !

! !

! see !

! !
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Variable Name
: !
! Input Source !
! !

Output Destination

BUFFERR

BUFFERV

BUFFERT

DOOV UPLINK

R GND

T GND

V GND
p

!

l GROUND UPLINK

! PROCESSOR
!

! GROUND UPLINK

I PROCESSOR

l

! GROUND UPLINK

I PROCESSOR
!

!

l

l

!

!

!

I

I

!
!

!
!

!

!

!
!

!

!

!

!

!
I

l

I
I

!

I
I

l

l

l

l

! !

! !

! !

! !

! !

! !

! !
I !

! !
I !

! !

I ONORBIT REND AUTO INFLIGHT !

I UPDATE !

I !

! ONORBIT REND AUTO INFLIGHT i

! UPDATE !
l !

I ONORBIT REND AUTO INFLIGHT l

! UPDATE !
I l

I ONORBIT REND AUTO INFLIGHT l

! UPDATE !

! !

! !

! !

I !

! !

I I

! l

l !

I l

! !

! !

l !

! !

! l

l l

l !

! !

I I
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4.9.2 Rendezvous Vehicle State Vector Uplink Parameters (RENDEZVOUS. STATE_
VECTOR_UPLINK)

The parameters to be candidates for change via command uplink associated with

the rendezvous vehicle state vector update include the rendezvous vehicle M50

position and velocity vectors, and the associated time tag.

A. Detailed Requirements.- The rendezvous vehicle M50 position and velocity

vectors can be changed via a formatted load structured as described in table

4.9.2-I. Each load contains a time tag (GMT) associated with the state

vector. The following high-rate special processing is required upon receipt

of a rendezvous vehicle state vector command uplink load.

I • A bit-string (OP_CODE) shall have been set to the "rendezvous vehicle

state vector" OP CODE value (0001010) by the ground uplink processing

software when data are received from the ground.

.

1

The bit string (OP_CODE) shall first be tested by the special processing

software to determine if it equals the value specified for the

rendezvous vehicle state uplink,

>! OP_CODE : 0001010

If the above is true, a flag (DO TV UPLINK), shall be set to ON, and the

rendezvous vehicle state vector and associated time tag shall be stored

in special locations:

DO TV UPLINK = ON

R TV GND = BUFFER RT

V TV GND : BUFFER-VT

T TV GND = BUFFER TT

and the OP CODE shall be nulled signifying that the state vector has

been transferred to the locations:

OP CODE : 0000000

Once the above high-rate special processing has been performed by the

ground uplink software, additional low-rate special processing is

required to be performed at a particular point during execution of the

next navigation cycle. This latter class of special processing will ac-

tually re-initialize the rendezvous vehicle state vector using the

uplinked data. Detailed requirements for this (low-rate) portion of the

special processing requirements are presented in section 4.2.5.1.

B. Interface Requirements.- The input and output required for the high-rate spe-

cial processing software are listed in table 4.9.2-2• Input and output for

the low-rate special processing software are listed in table 4.2.5.1.
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Processing Requirements.- The high-rate special processing detailed in this
section shall be performed at a fast enough rate so that if two command

uplinks (Orbiter and/or target) are transmitted between navigation cycles,

both data sets (including the DO_OV_UPLINK and DO TV UPLINK flags) will be
available to the low -(nay)- rate special processing software. The low-rate

special processing (section 4.2.5.1) shall be performed during a navigation

cycle immediately following normal state vector propagation and, during

rendezvous, covariance matrix propagation subfunctlons.

Constraints.- Because of a system software requirement to clear uplink data
buffers in a relatively short amount of time, and because of the relatively

slow rate at which the onorbit/rendezvous navigation principal function will
be operating, a fast-rate special processing function is required to buffer

off the data and set flags. There is also a requirement to be able to
update both the Orbiter and rendezvous vehicle state vectors on a single nav-

igatlon cycle if such data have been uplinked.

Supplementary Information.- A suggested implementation of the formatted

rendezvous vehicle state vector load special processing requirements, in the
form of detailed flowcharts are presented in Appendix F under:

ONORBIT REND AUTO INFLIGHT UPDATE (low-rate special processing)

RENDEZVOUS STATE_VECTOR_UPLINK (high-rate special processing)
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TABLE4.9.2-I RENDEZVOUSVEHICLESTATEVECTORUPLINKDATAFORMAT

! !
! UPLINKBUFFER DATA !

Level B ! ! ! Command

Mnemonic ! Name ! Description ! Wor4
! ! !

! ! !

! ! !

! Data ! Units !

: Type ! !
! ! !

! ! !! ! !
!
!

!

!
!

!

!
!

!

!

!

!

!
!

!

!
!

!

!
!

!

!

! BUFFER_RT I ! X-Position in M50 ! CW3, CW4
! ! coord !

! ! !

! BUFFERRT 2 ! Y-Position in M50 ! CW5, CW6
! ! coord !

! ! !

! BUFFER_RT 3 ! Z-Position in M50 ! CW7, CW8
! ! coord !

! ! !

! BUFFER_VT I ! X-Velocity in M50 ! CW9
! ! coord !

! ! !

! BUFFER_VT 2 ! Y-Velocity in M50 ! CWIO
! ! coord !

! ! !

! BUFFERVT 3 ! Z-Velocity in M50 ! CW11
! ! coord !

! ! !

! BUFFER_TT ! Time Tag in M50 ! CWI, CW2
! ! !

! ! !

! ! !

! DF ! ft !

! ! !

! ! !

! DF ! ft !
! ! !

! ! !

! DF ! ft !
! ! !

! ! !

! SF ! ft/sec !
! ! !

! ! !

! SF ! ft/sec !
! ! !

! ! !

! SF ! ft/sec !
! ! !

! ! !

! DF ! sec !
! ! !

! ! !

! ! !
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TABLE4.9.2-2.- RENDEZVOUSVEHICLESTATEVECTORUPLINKINPUT/OUTPUT

Variable Name

BUFFERRT

BUFFERVT

BUFFERTT

DOTV UPLINK

R TV GND

V TV GND

T TV GND

,
! Input Source !
! !

Output Destination

! !
! GROUNDUPLINK !
! PROCESSOR !
! !
! GROUNDUPLINK !
! PROCESSOR
!
! GROUNDUPLINK
! PROCESSOR
!
!
!
!
!
!
!

!
!
!
!
I
!
! .
!
!

!
I
I
I
I
!
I
!
!
!

I
!
!
!
!

!
I
I
!
!

! ONORBIT REND AUTO INFLIGHT

! UPDATE

I

! ONORBIT REND AUTO INFLIGHT

! UPDATE

!

I ONORBIT REND AUTO INFLIGHT

I UPDATE

!
I ONORBIT REND AUTO INFLIGHT

! UPDATE

I
I

I

I
!

!

I

!

!

I
I

!

I

I

I

I
I

!

I

!

!

I
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4.9.3 Vent/RCS Bod_d_zForce Vector Uplink'Parameters (VENT_RCSMODELPARAMUPLINK)

The parameters to be candidates for change via the Vent/RCS thrusting uplink com-

mand load include a body contact force VFORCE, to account for venting and

uncoupled RCS thrusting and other body contact forces if desired, and the

associated action ON/OFF times (TFON and TFOFF). These data are specified by

premission I-load values (see section 4.7) or uplinked to be used by the
Onorbit/Rendezvous Navigation principal function in both OPS 2 and OPS 8.

A.

B.

C,

ONORBIT RENDEZVOUS NAV

Detailed Requirements.- The values of the body contact force (VFORCE) and

associated on-off times (TFON and TFOFF) may be changed via a Formatted com-

mand load structured as described in table 4.9.3-I. The following

processing will be initiated upon receipt of a Vent/RCS uplink from the
ground.

I , A bit-string (OP_CODE) shall have been set to the "Vent/RCS Body Force

Vector uplink" OP CODE value (0101001) by the ground uplink processing
software when data are received from the ground.

,

The bit-string (OP CODE) shall first be tested by the processing soft-
ware to determine _f it equals the value specified for a Vent/RCS

uplink:

.

>! OP CODE : 0101001

!

If the above is true, the Vent/RCS Body Contact Force Vector VFORCE and

ON/OFF action times (TFON/TFOFF) shall be stored in special locations:

VFORCE = BUFFER B

TFON: BU FER_O 
TFOFF = BUFFER_02

and the OP CODE shall be nulled.

OP CODE : 0000000

Interface Requirements.- The input and output required for a Vent/RCS uplink
are shown in table 4.9.3-2.

Processing Requirements.- The uplink Vent/RCS command load will cause revi-

sion of all entries; i.e.,

VFORCE

 FON
TFOFF
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For this reason, all entries of the Vent/RCS command load shall be filled

with their desired values (those values desired immediately after the com-

pletion of the uplink) even if some of the entries are to remain the same.

Constraints.- None

Supplementary Information.- A suggested implementation of the Vent/RCS body

contact force parameter uplink in the form of a detailed flowchart (VENT_RCS_

MODEL_PARAM_UPLINK) is presented in Appendix F.
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! !

! !

!Level B !

!Mnemonic! Name
! !

! !

UPLINK BUFFER DATA ! !

! ! Command ! Data

! Description ! Word ! Type

! !

, !

! Units !

! !

! !

! ! ! ! ! ! !

! BUFFERB I

! BUFFERB 2

! BUFFER B3
!

! BUFFER O I
!

! BUFFERO R
!

!

! Vent/RCS X-Body force in ! CW5 ! SF

! Vent/RCS Y-Body force body ! CW6 ! SF

! Vent/RCS Z-Body force coord! CW7 ! SF

! ! !
! Vent/RCS ON time ! CWI, CWR! DF

! ! !

! Vent/RCS OFF time ! CW3, CW4! DF
! ! !

! ! !

! ib !
! ib !
! Ib !

! !
! see !

! !

! sec !

! !

! !
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Variable name

BUFFER B

BUFFER_O I

BUFFER_O 2

V FORCE

TFON

TFOFF

Input Source

GROUND UPLINK

PROCESSOR

GROUND UPLINK

PROCESSOR

GROUND UPLINK

PROCESSOR

Output Destination

ACCEL ONORBIT

ACCEL ONORBIT

ACCEL ONORBIT
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4.9.4 Drag Model Correction Factor Uplink Parameters (DRAG_MODEL_PARAM_PLINK)

The drag model parameter which is a candidate for change via uplink is KFACTOR.

Command load uplink capability of this parameter ensures that there exists a

means whereby the Orbiter drag coefficient may be adjusted if necessary during an

Orbiter propagation mode. The drag model is used by the onorbit/rendezvous navi-
gation principal function during OPS 2 and OPS 8:

ONORBIT RENDEZVOUS NAV
p

A. Detailed Requirements.- The value of the drag model correction factor

(KFACTOR) can be changed via a formatted command load structured as

described in table 4.9.4-I• The following processing will be initiated upon

receipt of a drag model correction factor uplink from the ground.

I • A bit-string (OP CODE) shall have been set to the "Drag Model Correction

Factor Uplink" OP_CODE (0101010) by the ground uplink processing soft-

ware when data are received from the ground.

. The bit-string (OP_CODE) shall first be tested by the processing soft-

ware to determine if it equals the value specified for a drag model cor-

rection factor uplink.

! OP_CODE : 0101010

! , ,

3. If the above is true, the drag model correction factor (KFACTOR) shall

be stored in a special location:

KFACTOR : BUFFER K

and the OP CODE shall be nulled.

OP CODE : 0000000

B. Interface Requirements.- The input and output required for a drag model cor-

rection factor uplink are shown in table 4.9.4-2.

C. Processing Requirements.- None

D. Constraints•- None

m. Supplementary Information.- A suggested implementation of the KFACTOR

update capability is presented in Appendix F in the form of a detailed flow-

chart, DRAG MODEL PARAM UPLINK.
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TABLE 4.9.4.1.- DRAG MODEL CORRECTION FACTOR UPLINK DATA FORMAT

79FMI0

! ! ! !

! ! UPLINK BUFFER DATA ! !

! Level B ! ! ! Command ! Data

! Mnemonic ! Name ! Description ! Word ! Type
! ! ! ! !

!

!

! Units

!
!

! ! ! ! !

! ! BUFFER_K ! Drag Model ! !
! ! t Correction Fatter ! CWI, CW2 !
1 ! i ! !
! ! w ! !
! ! ! ! !
! ! ! ! !
! l ! ! !

! ! l ! !
l l ! ! !
!. ! ! ! l

l l ! ! l
l l l l l
l ! ! ! l

DF

! !
! !
l n.d. !
l !
! !
! !
! !
l !
l !
l !
l l
l !
l !
! !
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TABLE4.9.4-2.- DRAGMODELCORRECTIONFACTORUPLINKINPUT/OUTPUT

Variable Name ! Input Source !
!

Output Destination

!
! BUFFERK
!
!
! KFACTOR
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
! GROUNDUPLINK
! PROCESSOR
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
!
!
!
! ACCELONORBIT
!

!
!

!
!

!

!

!

!

!

!
!

!

!

!

!
!

!

!
!

!

!
!

!

!

!

!

!
!

!

!

!

!
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4.9.5 Covariance Matrix Uplink Parameters (COV..MATRIX_PARAMUPLINK)

The parameters to be candidates for change via uplink associated with the

covariance matrix update include diagonal elements (standard deviations) of the

filter state covariance matrix in UVW coordinates and selected correlation

coefficients.

A. Detailed Requirements.- Values of the pre-stored (I-Load) UVW covariance

matrix can be changed via a formatted command load structured as described

in table 4.9.5-I. Each load will contain data entries to replace the values

of the UVW standard deviations (SIGUPDATE). Detailed descriptions of these

parameters can be found in section 4.2.5 and section 4.7. The following

processing is required upon receipt of the covariance matrix uplink command
load.

I • A bit-string (OP CODE) shall have been set to the "Covariance Matrix

Uplink" OP_CODE _0101011) by the ground uplink processing software when

data are received from the ground.

• The bit-string (OPCODE) shall first be tested by the processing soft-

ware to determine if it equals the value specified for a covariance

matrix uplink:

! OPCODE : 0101011
I

3. If the above is true, the standard deviations (SIG UPDATE) and correla-

tion coefficients (COV COR_UPDATE) shall be stored in special locations:

SIG UPDATE : BUFFER S
D

COV COR UPDATE : BUFFER C

and the OP CODE shall be nulled.

OP CODE : 0000000

B. Interface Requirements.- The input and output required for covariance matrix

parameters uplink can be found in table 4.9.5-2.

C. Processing Requirements.- Changes to SIG UPDATE and COV COR UPDATE will be

made each time the covariance matrix parameters uplink is p_rformed.

Do Constraints.- The user shall perform the covariance matrix uplink prior to

the state vector uplink when rendezvous navigation is active and it is

desired that the uplinked covariance matrix parameters be incorporated along

with an uplinked state vector•

E. Supplementary Information.- A suggested implementation of the covariance

matrix parameters upli_k in the form of a detailed flowchart (COVMATRIX_
PARAM UPLINK) is presented in Appendix F.
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! !

! !

! Level B !

! Mnemonic ! Name

! !

! !

UPLINK BUFFER DATA ! !

! ! Command ! Data

! Description ! Word ! Type
! ! !

! !

! ! BUFFER_S I
! !

! !

! !

! ! BUFFER_S 2
! !

! !

! !

! ! BUFFER_S 3
! !

! !

! !

! ! BUFFERS 4
! !

! !

! !

! ! BUFFER_S 5
! !

! !

! !

! ! BUFFER_S 6
! !

! !
! !

! ! BUFFER_C I
! !

! !

! ! BUFFER_C 2
! !

! !

! ! BUFFER_C 3
! !

! !

! ! BUFFERC 4
! !

! !

! ! BUFFER_C 5

! !

! ! BUFFER_C 6
! !

! !

! ! BUFFER_C 7
! !

! ! !

! U position ! CWI ! SF

! standard ! !
! deviation ! !

! ! !

! V position ! CW2 ! SF
! standard ! !

! deviation ! !

! ! !

! W position ! CW3 ! SF

! standard ! !

! deviation ! !

! ! !

! U velocity ! CW4 ! SF
! standard ! !
! deviation ! !

! ! !

! V velocity ! CW5 ! SF
! standard ! !

! deviation ! !

! ! !

! W velocity ! CW6 ! SF

! standard ! !

! deviation ! !

! ! !

! U-V correlation ! CW7 ! SF

! coeff ! !

! ! !

! U-U correlation ! CW8 ! SF

! coe ff ! !

! ! !

! U-V correlation ! CW9 ! SF
! coeff ! !

! ! !

! V-U correlation ! CWIO ! SF
! coeff ! !

! ! !

! V-V correlation ! CW11 ! SF
! coeff ! !

! ! !

! W-W correlation ! CW12 ! SF

! coeff ! !

! ! !

! U-V correlation ! CW13 ! SF
! coeff ! !

Units

ft

!

!

! ft
l

l

!

ft

ft/sec

ft/sec

ft/sec
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Variable Name

! !

! Input Source !
! !

Output Destination

! BUFFER S

!

!

! BUFFER C

!

!

! SIG UPDATE

!

! COV COR UPDATE

!

!

!

!

!

!
I

!

I

!

I

!

I

!

!
!

!

!
!

!
I

!

I

I

I

I

!

I

!

I

I

I

I

!

! GROUND UPLINK

! PROCESSOR

!

GROUND UPLINK

PROCESSOR

!

l

!

!

!
I

!
! COV INIT UVW

!

! COV INIT UVW

!

!

!
!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

I

!

I
!

I
I

I

I

I
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4.9.6 Land_n_/TACAN Site Table Uplink Processing

This subsection provides the software requirements associated with data uplink

to the landing site maxi-table, the landing site mini-table, the TACAN site

maxi-table, and the TACAN site mini-table.

A. Detailed Requirements.- The data set associated w_th the landing site max,-
and mini-tables and the uplink is as follows.

Geodetic latitude

Longitude

Runway azimuth w_th regard to true north

Magnetic variation

Runway altitude above ell_psoid

MSL%altitude above ellipsoid

Runway name identifier (one six character string word in maxi/mini tables-

two four character string words required for uplink). In addition, the

uplink data set contains a landing site location number which identifies

which slot in the landing site maxi-or mini-table is to be changed.

The following special processing is required upon receipt of a landing site

uplink as indicated by a flag, DO_LND_SITEUPLINK, having been set to ON by

the ground uplink processing software. The integer, LNDSITE_NO, shall be

tested and, if found to lie in the range I to 18, the uplink data set (see

table 4.9.6-I) shall be loaded into the corresponding slot in the landing

site maxi-table. If LND_SITE_NO has a value of 19, 20 or 21, then the

uplink data set shall be loaded into the primary, secondary, or alternate

table slot, respectively, in the landing site mini-table. Whenever landing

site data are loaded into the maxi-or mini-table, the MSBLS availability

flag associated with that runway shall be reset to OFF. After the uplinked

data have been transferred to the appropriate table slot, the DO LND SITE

UPLINK flag shall be reset to OFF.

When LNDSITE_NO lies outside the range I to 21, no data transfer shall
occur.

The uplink data set associated with the TACAN site maxi- and mini-tables is

as follows:

Geodetic latitude

Longitude

Magnetic variation

TACAN altitude above ellipsoid

MSL altitude above ellipsoid

TACAN channel/mode identifier

TACAN bearing bias (not stored in maxi table)

TACAN range bias (not stored in maxi table)

In addition, the TACAN uplink data set contains a TACAN site location number

which identifies which slot in the TACAN site maxi- or mini-table is to be

changed.
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The following special processing is required upon receipt of a TACANsite
table uplink as indicated by a flag, DO_TACAN_SITE_UPLINK,having been set
to ONby the ground uplink processing software. The integer, TACSITE_NO,
shall be tested and, if found to lie in the range I to 50, the up'ink data
set (see table 4.9.6-2) shall be loaded into the corresponding slot _n the
TACANsite maxi-table. If TACSITE NOlies in the range 51 to 60, the
uplink data shall be loaded into the TACANsite mini-table slot
corresponding to TAC_SITENOminus 50. Finally the DO_TACAN_SITE_UPLINK
flag shall be reset to OFF.

If TACSITE NOlies outside the range I to 60, no data transfer shall occur.
D

B. Interface Requirements.- The input and output requirements for this sub-

function are listed in tables 4.9.6-3 and 4.9.6-4, respectively.

s

C. Processin5 Reguirements.- To be executed on demand and provided with

required input data. If the uplink data words are in units other than

radians for angles and feet for lengths, onboard conversion to these units

are required before storing into maxi or mini tables.

m.

E.

Constraints.- The task of setting up the uplink buffer data sets and the

uplink data availability flags (DO LND SITE UPLINK, DO TAC SITE UPLINK) is

assumed to have been performed by some-uplink interface software prior to ex-

ecution of the processing identified in this section. The data availability

flags are to be reset to OFF to prevent re-execution of this software.

Supplementary Information.- A suggested implementation, in the form of

detailed flowcharts, can be found in Appendix F.

LANDING SITE MAXI MINI UPLINK

TACAN SITE MAXI MINI UPLINK
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TABLE 4.9.6-I.- LANDING SITE UPLINK DATA FORMAT
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! ! :

' !Command ! Data
! Name

!

! LND SITE NO

!

!
!

! RUNWAY NAME UL
!

! SPARE UL
!

! RW LAT UL

! RW LON UL
!

! RW AZIMUTH UL

!
!

! RW MAG VAR UL

!

! RUNWAY ALT UL

!

!

! RW DELH UL

!
!

!

! Units! Word! Description ! Type
! ! ! !

! Landing site table slot ! CWI ! I !

! (I to 18 - max!, ! ! !
! 19 to 21 - mini) ! ! !

! ! ! !

! Runway name identifier ! CW2, ! C !
! ! ! !

! Runway name identifier- ! CW3, ! C ! -
! plus fill ! ! !

! ! ! !

! Runway geodetic latitude ! CW4 ! SF ! rad
! ! ! !

! Runway longitude ! CW5 ! SF ! rad
! ! ! !

! Runway azimuth measured ! CW6 ! SF ! rad
! from true north ! ! !
! ! ! !

! Runway magnetic variation ! CW7 ! SF ! rad
! ! ! !

! Runway altitude above ! CW8 ! SF ! ft

! reference ellipsoid ! ! !
! ! ! !
! Altitude of mean sea level ! CW9 ! SF ! ft

! above ellipsoid at runway ! ! !
! ! ! !

!

** !

!

*CW2 contains a four character string word.

CW3 contains one additional character, left justified.

These are constructed to form a five string character word for storing (i.e.,

four characters in CW2 and the left most character in CW3 are combined).

CW-2 CW-3

Example: ! EDWI ! 7bbb !
! stored !

are ignored.
, where bbb are fill characters which

**If the uplinked data words are in units other than those shown, onboard

conversion to these units is required before storing into the max! or mini
tables.
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Name

MAGNETIC
VARIATIONUL

BIAS TACBRGUL

BIAS TACR UL

TACSITE NO

TACANID UL

Uplink Buffer Data
! Description
! !
! Magnetic variation at TACAN ! CWl
! site !
! !
! TACANbearing bias* ! CW2
! !
! TACANrange bias* ! CW3
! !
! TACANsite table slot ! CW4
! (I to 50 - maxi, !
! 51 to 60 - mini) !
! I
! TACANchannel/mode identifier! CW5
! !
! TACANsite geodetic latitude ! CW6LATITUDE

GEODETIC-UL ! !
m

! !

LONGITUDE EAST UL! TACAN site longitude ! CW7
! I

ALT ABOVE ! TACAN altitude above ! CW8

ELLIPSOID_-UL ! reference ellipsoid !
! !

MSL ABOVE ! Altitude of mean sea level ! CW9

ELLIPSOID-UL ! above ellipsoid at TACAN !

! site !

I !

! !

!Command ! Data

! Word ! Type
!
! SF

!

!

! SF

!
! SF

!
! I

!

!

!

! I
!

' SF

!
!

! SF

!
! SF

!

!

! SF

!

!
!

, **!

! Units !

! rad !

! rad !

! ft

! !

! !

! !

! !

! rad !

! !

I !

! rad !

! !
! ft !

I !

I !
! ft !

! !

! I

! !

*Biases are stored only in m<ni tables; thus CW-2 and CW-3 are ignored if maxi
table is addressed.

**If the uplink data words are in units other than those shown, onboard conver-

sion to these units is required before storing into the maxi or mini tables.
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TABLE4.9.6-3.- LANDING/TACANSITE TABLEUPLINKINPUT

! ! !
! ! !
! Symbol ! Input Source !
! ! !

! ! !

! DO LND SITE ! GROUND UPLINK !
! UPLINK- - ! PROCESSER !

! ! !

! LND SITE NO ! UPLINK !

! ! !

! RUNWAY NAME UL ! UPLINK !
! ! !

! SPARE UL ! UPLINK !

! RW LAT UL ! UPLINK !

! ! !

! RW LON UL ! UPLINK !
! ! !

! RW AZIMUTH UL ! UPLINK !

! ! !
! RW MAG VAR UL ! UPLINK !

! ! !

! RUNWAY ALT UL ! UPLINK !

! ! !

! RW DELH UL ! UPLINK !

! ! !

! DO TACAN SITE UPDATE ! GROUND UPLINK !

! ! !

! TAC,SITE NO ! UPLINK !

! ! !

! TACAN ID UL ! UPLINK !

! ! !

! LATITUDE GEODETIC UL ! UPLINK !

! ! !
! LONGITUDE EAST UL ! UPLINK !

! ! !

! ALT ABOVE ELLIPSOID UL ! UPLINK !
! ! !

! MSL ABOVE ELLIPSOID UL ! UPLINK !

! ! !
! MAGNETIC VARIATION UL ! UPLINK !

! ! !

! BIAS TAC BRG UL ! UPLINK !
! ! !

! BIAS TAC R UL ! UPLINK !

! ! !

79FMI0
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TABLE 4.9.6-4.- LANDING/TACAN SITE TABLE UPLINK OUTPUT

! !- !

! Symbol ! Input Source !
! ! !

! 7 !

! DO LND SITE ! LANDING SITE !

! UPLINK- - ! TABLE SPECIAL !

! ! GROUND UPLINK !

I ! PROCESSING !

! ! SOFTWARE I

! ! !

! RW_LAT PSL ! * !

! ! !

! RW LON PSL ! * !
D

! ! I

! RW AZIMUTH PSL ! * !

! ! !

! RUNWAY ALT PSL ! * !

! ! !

! RW DELH PSL ! * !

! ! !

! RW MAG VAR PSL ! * !

! ! !

! MLS AVAIL PSL ! * !

I ! !

! RUNWAY NAME PSL I * I

I ! !

I RW LAT SSL ! * !

I ! !

! RW LON SSL ! * I

! ! !

! RW AZIMUTH SSL ! * !

! ! !

! RUNWAY A!' SSL ! * !

! ! !

I RW DELH SSL ! * !

! ! l

! RW MAG VAR SSL ! * !

i I I

I MLS AVAIL SSL ! * !

! ! l

! RUNWAY NAME SSL ! * !

! ! !

! RW LAT ASL I * !

! ! !

! RW LON ASL ! * !

I I !

79FMI0

Update I-Load parameters in Landing Site Update principal function
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TABLE 4.9.6-4._ Continued

I I !

I Symbol ! Input Source !
I I !

I I !

I RW AZIMUTH ASL I * !
m

! ! !

I RUNWAY ALT ASL I * !

l l !

l RW DELH ASL I * !

l ! !

! RW MAG VAR ASL ! * !

! ! !

l RUNWAY NA_ ASL ! * !

l l !

l RUNWAY NAME l * !

l ! !

l RW LAT I * !

! I !

! RW LON l * !

l l !
l RW AZIMUTH I * !

I l !

I RUNWAY ALT l * !
-- P

l I !

I RW DELH ! * !

l I l
l RW MAG VAR I * !

l l !

I MLS AVAIL ! * I

l ! !

! DO TACAN SITE UPLINK ! TACAN SITE I

l ! TABLE UPLINK !

l ! SPECIAL GROUND !

l l UPLINK !

l ! PROCESSING l

l I SOFTWARE !

! l l

l MINI - TABLE l !

! LATITUDE GEODETIC ! * !

l ! !

l LONGITUDE EAST ! * l
I ! !

! ALT ABOVE ELLIPSOID l * !
I l l

! MSL ABOVE ELLIPSOID ! * I
! l !

l MAGNETIC VARIATION ! * !
I l !

*Update I-Loaded parameters in Landing Site Update principal function

79FMI0
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TABLE4.9.6-4.- Concluded

Symbol
!
! Input Source
!

! !

I TAC ID I *
! I

! BIAS TAC BRG ! *

! l
! BIAS TAC R ! *

I I

I MAXI-TABLE I

l TACAN ID MAXI I *

l I

! LATITUDE GEODETIC MAXI I *
! !

! LONGITUDE EAST MAXI l *

I I
I ALT ABOVE ELLIPSOID I *

! MAXI I

I I

I MSL ABOVE ELLIPSOID ! *

I MAXI I
I l

I MAGNETIC VARIATION l *

! MAXI I

! I

I I

l l

I I

! !

l l

! l

! I

! I

I I
I !

l l

I l

!

!
!

!

!
!

!

l
!

!

!

l

!

!
l

!

!

!

l

!
!

I

I

I

I

I

l

I

!

!

I

!
I

!

I

!

I

l

79FMI0
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4.9.7 Landin_ Site Selection Parameters

This subsection provides the requirements associated with the landing site selec-

tion uplink which is contained within the Deorbit Guidance PEG-4 and the Deorbit
Guidance PEG-7 command uplink loads.

A. Detailed Requirements. The Deorbit Guidance PEG-4 and PEG-7 command uplinks
each contain three integer parameters which represent the maxi table slot lo-

cations from which landing site data is to be transferred to the landing site
mini table primary, secondary and alternate runway slots. The uplink of

these parameters is to cause the activation of the Landing Site Update prin-

cipal function (see Onorbit Navigation FSSR-section 4.6) which in turn will

accomplish the data transfer. Since the Landing Site Update principal func-
tion is designed to also respond to crew inputs via the CRT keyboard, cer-

tain special processing is required to provide compatibility with these re-
quirements.

In response to a deorbit guidance uplink, as indicated by the flag, DO GUID

UPLINK, having been set to ON by the ground uplink processing softwareV the-

following is to occur. The uplinked parameters PRI MAXI UL, SEC MAXI UL,

and ALT MAXI UL (see tables 4.9.7-I and 4.9.7-2) are integer values which

specify-which of the maxi table runways are to be transferred to the respective
mini table locations. Each of these parameters is to be tested and the

corresponding Landing Site Update input parameters set as follows:

If PRI_MAXI_UL > 0 and PRI_MAXI_UL < 19, then

set ITEMI IN : ON

PRI MAXI SELECT = PRI MAXI UL

If SEC_MAXI_UL > 0 and SEC_MAXI_UL < 19, then

set ITEM2 IN = ON
m

SEC MAXI SELECT : SEC MAXI UL

If ALT_MAXI_UL > 0 and ALT_MAXI_UL < 19, then

set ITEM3_IN = ON

ALT MAXI SELECT : ALT MAXI UL

Thus, if it is desired to uplink a deorbit guidance target data set without

changing part (or all) of the mini table slots, the respective maxi/mini

indicators are uplinked with values outside the I to 18 range.

If any of the "ITEM IN" discretes has been set to ON by the above processing,

the Landing Site Update specialist function software is invoked to accomplish
the data transfer. Note that the "ITEM_IN" discretes are reset to OFF by

the Landing Site Update software after completing the data transfer.
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Finally the flag DO GUID UPLINK is reset to OFF to indicate that the appro-
priate processing has occurred.

Interface Requirements. The input and output requirements for this
subfunction are listed in tables 4.9.7-3 and 4.9.7-4, respectively.

Processing Requirements. To be executed on demand and provided with the
required input data.

Constraints. The task of setting up the uplink buffer data sets and the
uplink data availability flag is assumed to have been performed by uplink

interface software prior to the execution of the processing identified in
this section.

Supplemental Information. A suggested implementation, in the form of a
detailed flowchart can be found in Appendix E,

SITE SELECTION UPLINK
m

q

q
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TABLE4.9.7-I.- LANDINGSITE SELECTIONUPLINKFORMAT(PEG4 LOAD)

! ! ! ! ! !
! ! ! Command ! Data ! !

! Name ! Description ! Word ! Type ! Units !
! ! ! ! ! !
1 ! ! ! !

! PRIMAXI_UL ! Runway selection index for ! CW-13 ! I ! --
! ! maxi table to primary run- ! (Bits 17-32) ! !
! ! way data transfer ! ! !
! ! ! ! !

! SEC MAXI UL ! Runway selection index for ! CW-13 ! !

! ! maxi table to secondary I (Bits 33-48) ! I ! --

! ! runway data transfer ! ! !
l ! ! ! !

l ALT MAXI UL ! Runway selection index for ! CW-14 ! !

! ! maxi table to alternate ! (Bits 17-32) ! I ! --

l ! runway data transfer ! ! !
-I ! ! ! !

TABLE 4.9.7-2.- LANDING SITE SELECTION UPLINK FORMAT (PEG 7 LOAD)

l l ! !

! ! ! Command ! Data

! Name ! Description ! Word ! Type
l I ! l

I !

! !

! Units !

! !

i

l I ! !

! PRI_MAXI_UL ! Runway selection index for ! CW-11 !
! ! maxi table to primary run- ! (Bits 33-48) ! I

! l way data transfer ! !
l ! l !

I SECMAXI_UL ! Runway selection index for ! CW-12 ! I
! ! maxi table to secondary ! (Bits 17-32) !

l ! runway data transfer ! l
I ! ! !

! ALT_MAXI_UL ! Runway selection index for ! CW-12 ! I
l l maxi table to alternate l (Bits 33-48) !

l l runway data transfer l l
l l ! !

!

!

! ----

!

!

! ----

!

l

I

! ----

l

!
!
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TABLE4.9.7-3.- LANDINGSITE SELECTIONUPLINKPROCESSINGINPUT

! ! !
! ! Input !
! Symbol ! Source !
! ! !
! l !
! PRI_MAXI_UL ! UPLINK l
l l l
! SEC_MAXI_UL I UPLINK !
! ! !
! ALT_MAXI_UL ! UPLINK I
! l l
! I GROUND !
! DO_GUIDUPLINK! UPLINK !
! ! PROCESSOR !

! l I
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TABLE 4.9.7-4.- LANDING SITE SELECTION UPLINK PROCESSING OUTPUT

! ! Output !

! Symbol ! Destination !
, ! !
• !
! !

! PRI MAXI SELECT! Landing Site !

! ! Update !

! ! (4.246) !

! ! !

! SEC MAXI SELECT! Landing Site !
J

! ! Update !

! ! (4.246) !

! ! !

! ALT MAXI SELECT! Landing Site !

! ! Update !

! ! (4.246) !

! ! !

! ITEM! IN ! Landing Site !

! ! Update !

! ! (4.246) !

! ! !

! ITEM2 IN ! Landing Site !

! ! Update !

! ! (4.246) !

! I !

! ITEM3_IN ! Landing Site !

! ! Update !

! ! (4.246) !

! ! I

! ! Ground
!

! DO GUID UPLINK ! Uplink !

! ! Processor !

! ! (4.246) !

1 ! !

79FMI0
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4.10 COORDINATETRANSFORMATIONS

These nine subfunctions provide the capability for transforming parameters
specified (or computed) in one coordinate system to another coordinate system.
Coordinate system definitions are provided in Appendix C.

Each of the nine subfunctions described in sections 4.10.1 through 4.10.10 may
be executed separately. With two exceptions, these subfunct_ons do not actually
perform the coordinate transformation; only the rotation matrix is computed. The
two exceptions convert between Earth-fixed coordinates and geodetic parameters.

For consistency, it is assumedthat all coordinate systems located on the sur-
face of the Earth are specified in terms of geodetic parameters (i.e., geodetic
latitude, longitude, and altitude above the reference eI]ipsoJd) and that all az-
imuth angles are referenced to true (not magnetic) north.
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4.10.1 Transformation FfgmAFigsM999_9__1959_tg_EgfthcFjx__eJ

The purpose of this subfunction Js to provide a transformation matrix (M_M5OTOEF
AT EPOCH)from Aries M50coordinates to Earth-fixed coordinates that account

for the rotation, nutation, nnd precession motion of the Earth at a specified

time, T EPOCH.

This subfunction is not part of the actual onorbit Navigation Software. Its

output parameters, M_M5OTOEF AT EPOCH and their corresponding time, T_EPOCH, are

to be supplied to the onorbit Navigation Software via I-Load as Mission-

Dependent Parameters (see section 4.7 and Appendix C Variable List).

The software will not be designed to preclude any particular value of T EPOCH,

whether future or past except that, if the time desired is in a year other than

the one of the m_ss_on's commencement, the general time variable is to be contin-

uous over year-end/year beginning transitions.
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4.10.2 Earth-Fixed to M50 (EARTHFIXED_TO_M50_COORD)

The purpose of this subfunct_on is to propagate the matrix M M50TOEFAT EPOCH
from the last epoch time to the t_me of interest. This propagation accounts for
the Earth's daily rotation effects only. (The nutation and precession computa-
tions are lengthy.)

The Earth-fixed coordinate frame of the time of interest is rotated about its
Z-axis to obtain the Earth-fixed coordinate frame of the time of the M M50TOEF
AT EPOCHmatrix. The angle of rotation is the product of the Earth's mean
rotational rate relative to the meanof data system and the difference between
the matrix's time tag and the time of interest. A matrix that represents this
Z-axis rotation is calculated. The matrix that represents the transformation
from the Earth-fixed frame of the last epoch time to the meanof 1950 frame is
the MM5OTOEFAT EPOCHmatrix's transpose. Then the desired Earth-fixed to mean
of 1950matrix is the product of the transpose of the M M50TOEFAT EPOCHmatrix
postmultiplied by the Z-axis rotation matrix.

A. Detailed Requirements. This function is designated in ca]ling routines as

EARTH_FIXEDTOM50_COORD(TIME)

where TIME-- time of interest measuredfrom the beginning of the particular
mission year

EARTHFIXEDTOM50COORD-- Earth fixed to meanof 1950 coordinate
transformation matrix of the time of
interest

The following steps shall be performed (in the order indicated):

I. The time difference from the epoch t_me to the current time is
calculated:

DELT: TIME- T EPOCh!

(T_EPOCHis the epoch time).

2. The angle of rotation about the Earth-fixed Z-axis is obtained.

LAM : EARTHRATEDELT

3. The Earth-fixed Z-axis rotation matrix is then defined:

cos (LAM) -sin (LAM) 0 ]M = sin (LAM) cos (LAM) 0 F9
0 0 I

F9 Thls equation shall be protected against return value of sine or cosine with
magnitude greater then unity (Reference 3.6-9).
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4. The Earth-fixed to mean of 1950 coordinate transformation matrix is then

computed as follows:

EARTH FIXED TO M50 COORD = M M5OTOEF AT EPOCH T M

Because of the sparseness of the matrix M, both core and execution time

will be conserved by use of the following formulation: For notational

convenience, let N denote the matrix M M5OTOEF AT EPOCH. The sine and

cosine of LAM will be computed once and denoted by CLAM = COS (LAM) and

SLAM = SIN (LAM). Then EARTH FIXED TO M50 COORD will be computed as

follows:

EARTH_FIXED TO M50_COORDI, I = NI, I CLAM + N2, I SLAM

EARTH_FIXED TO M50_COORDI, 2 = -NI ,I SLAM + N2, I CLAM

EARTH_FIXED TO M50 C00RDI, 3 = N3, I

EARTH_FIXED TO M50 COORD 2,1 = NI,2 CLAM + N2, 2 SLAM

EARTH_FIXED TO M50 COORD2, 2 = -NI, 2 SLAM + N2,2 CLAM

EARTH FIXED TO M50 C00RD2, 3 = N3, 2

EARTH FIXED TO M50 C00RD3, I = NI, 3 CLAM + N2, 3 SLAM

EARTH_FIXED TO M50 C00RD3, 2 = -NI,3 SLAM + N2,3 CLAM

EARTH FIXED_TO M50 COORD3, 3 = N3, 3

Interface Requirements. The input and output data are shown in table
4.10.2.

Processin___Re_uirements. This function may be executed as needed. The time

(TIME) at which the output transformation matrix (EARTH FIXED TO M50_COORD)

is desired must be supplied by the user in elapsed seconds from the beginning

of the year of mission commencement.

A valid M M50TOEF AT EPOCH must be available before this subfunction can be

executed.

Constraints. None

Su_u_lementar X Information. The Aries mean of 1950 and the Earth-fixed coor-

dinate systems are shown _n Appendix C. A suggested implementation in the

form of a detailed flowchart may be found in Appendix C under the name:

EARTH FIXED TO M50 COORD FUNCTION

b
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TABLE 4.10.2.- EARTH FIXED TO M50 COORD FUNCTION INPUT/OUTPUT
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., !

Inl_st/Outl _st ! !

Internal ! External ! Input Source !

Name ! Name ! !

Output Destination

! ! !

!

[
!

!

!

!

!
!

!

!

!

!

!

!

!

!

l

!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!
!

!
!

!
!

!

TIME

TIME

1 T

!
1 T STATE

!

!
!

!

!

!

!

1

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

1

!

!

!

!

!

!

!

!

!

!

!

!

I

1

!ACCEL ONORBIT FUNCTION!
! !

!ONORBIT USER PARAMETER!

! CALCULiTIO !
! !
! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

! !

!

!
!

!
!
!
!
!
!

!

!
!

!
!
!
!

!
!

!
!

!
!
!
!
!
!
!
!
!
!

!
!

!
!
!
!

!
!
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' 7
! Var_able Name ,
,

Input Source
' !
! Output Destination !
! !

! ! ! !
!EARTHRATE !** ! !

! ! ! !

!M_M5OTOEF_AT_ EPOCH !** ! !
! ! ! !
IT EPOCH l** ! !

! ! l !

!% ! !ACCEL ONORBIT FUNCTION, !
! ! !ONORBIT USER PARAMETER !
! ! !CALCULATIONS- - !

I ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! l ! !
l ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! l !
! l l !
l l ! l
! ! ! l
l ! ! l
l l l l
l l l l
l l l !
l l l !
! ! ! !
! ! l l
l l l !
l l l l
l l l l
! l l l
l ! l !
l l l l
l l l !
! l l l
! l ! !
! ! l l

li
%Only the values of EARTHFIXED TO M50_COORD's elements are passed to output
destination.

**Initialization parameters, see section 4.7
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4.10.3 Geodetic to Earth-Fixed (GEODETIC_TO EF)

This submodule accepts the geodetic parameters of a point and computes the

Earth-fixed Cartesian coordinates of that point.

A. Detailed Requirements. This function is addressed in calling modules as

GEODETIC TO EF(LAT_GEOD,LON,ALT)

This function is referred to _nternally as

GEODETIC TO EF(LAT GEOD,LON,ALT) = R EF

where ALT -- altitude above reference ellipsoid of point of

interest

LAT GEOD -- geodetic latitude of point of interest

LON- --- long_tude of point of interest

_EF -- Earth-fixed position vector of point of interest

These equations shall transform the geodetic parameters to Earth-fixed
coordinates:

EARTH-RADIUS--EOUATORR-EFI : _COS_LAT GEOD) + (I - ELLIPT) 2 sin 2 _/_ ALT |.
(LAT GEOD)) ]

cos (LAT GEOD) cos (LON)

F3,

F9

R EF2 =[ EARTH-RADIUS-EQUATOR 1- (cos2(LAT GEOD) + il- _-.LIPT_2 sin 2(LAT GEOD)) I/_ ALT .

cos (LAT_GEOD) sin (LON)

F3,

F9

B.

C.

!1 - ELLIPT 12EARTH-RADIUS-EgUATOR 1R-EF3 : ieos2(LAT GEOD) + [_ - _.[LIPT_ _ sin 2(LAT GEOD)) I/_ ALT .

F3,

sin (LAT_GEOD) F9

Interface Requirements. The input and output data are shown in table 4.10.3.

Processlng__r__emeDts. The input angles must be in radians.

F3 This equation shall be protected against division by zero (Reference 3.6-3).

F9 This equation shal_ be protected against return value of sine or cosine

with magnitude greater than unity (Reference 3.6-9).
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D. Constraints. None

E, S__up_plemgntary Information. The geodetic parameter set and the Earth-fixed

coordinate system are illustrated in Appendix C. A suggested _mplementation

in the form of a detailed flowchart may be found _n Appendix C under the
name:

GEODETIC TO EF FUNCTION
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TABLE 4.10.3.- GEODETIC_O EF FUNCTION INPUT/OUTPUT

79FMI0

! ! '

! Inlist/Outlist ! !

! Internal ! External ! Input Source !

! Name ! Name ! !

! ! ! !

Output Destination

IALT ! ! Various Users !

! ! ! !
!LAT GEOD ! ! Various Users !

! ! ! !

ILON ! ! Various Users !

l l ! !

lR EF l# I !
I I ! I

I I I !

! l ! I

!. l ! l

l l ! !

1 ! ! !

l l ! !

l l I l

I l I I

l l I I

! ! ! !
! ! ! 1
I l l I

l l ! I

! ! l l

l l l l

l ! l I
l l l l
! l ! !
! ! ! !
! ! ! I
! ! l l
! ! ! !
! ! 1 !
! ! ! !
I l l !

I l I l

1 ! l !
! t ! l
l l l l

l l l l

I l ! l

I I l l

1 ! ! l

Various Users

l
!
l
l
l
!
l
!
!
l
l
!
!
!
l
!
l
1
l
I
l
l
l
!
!
!
!
!
!
!
l
!
l
l
l
!
!
!
l
l
!

#Only the values of R _EF's components are passed to output destination.
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TABLE4.10.3._ Concluded
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Variable Name Input Source Output Destination

!EARTH_RADIUS_EQUATOR
!
!ELLIPT
!
!
!
!
!
!
!

!
!

!

!
!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

! **

!
!**

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

**Initialization parameters, see section 4.7
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4.10.4 Earth-Fixed to Topgdgtig_(E_F__TO___TOPDET)

This subfunction accepts the geodetic latitude and longtitude of a point in

radians and computes the rotation matrix from Earth-fixed coordinates to a

topodetic coordinate system for the input locat_:bn.

Formulation: This subfunction creates the rotation matrix as an Euler Z, Y se-

quence through the longitude angle (LON) and the geodetic latitude angle plus 90

degrees (LAT GEOD + _/2), respectively.

A. Detailed Requirements. Calling modules address this function as

EF TO TOPDET(LAT GEOD, LON)

This function is referred to internally as

EF TO_TOPDET(LAT GEOD, LON) : M

where LAT GEOD

LON

M

-- geodetic latitude of point of interest

-- longitude of point of interest

-- desired Earth-fixed to topodetic coordinate transforma-

tion matrix

The transformation matrix shall be calculated as shown here:

M "

(-cos LON sin LAT_GEOD)

(-sin LON)

(-cos LON cos LAT GEOD)

(-sin LON sin LAT GEOD)

(cos LON)

(-sin LON cos LAT GEOD) (-sin LAT GEOD)J

F9

q

!

B,

Co

D.

E.

Interface Requirements. The input and output data are shown in table
4.10.4.

Processing Requirements. The input variables must be in radians.

Constraints. None

Supplementar_ Information. The Earth-fixed and topodetic coordinate systems,

and a suggested implementation of this module are provided in Appendix C.

A suggested implementation in the form of a detailed flowchart may be found
in Appendix C under the name:

EF TO TOPDET FUNCTION

F9 This equation shall be protected against return value of sine or cosine with

magnitude greater than unity (Reference 3.6-9).
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TABLE 4.10.4.- EF TO TOPDET FUNCTION INPUT/OUTPUT
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! Internal

! Name

! ! !
Inlist/Outlist ! ! !

! External ! Input Source ! Output Destination !
! Name ! ! !

! ! ! ! !

!LAT_GEOD !LATGEOD !_ TO RUNWAY FUNCTION ! !
! ! ! ! !

!LON !LON !EF TO RUNWAY FUNCTION ! !

! ! ! ! !

!M !t ! !EF TO RUNWAY FUNCTION !

! ! ! ! !

! ! ! ! !

! ! ! ! !

! ! ! ! !

! ! ! ! !

I. ! ! ! !
l l l l l
! l l l l
l l l l l
l l l l l
1 ! ! ! !
l l l l l
l l l l l
l l l l l
l l l l l
l l l l l
l l l l l
! ! l l l
l l l l l
l l l l l
l l ! l l
l l l l l
l l l l l
l l l l l
l l I l l
l l l l l
l ! l l l
! ! ! ! !
l l l l l
l l l l l
l l l l !
l l l l !
l l l l !
l l l l !
l l l ! !
l l l l l

%Only the values of M's elements are passed to output destination.
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4.10.5 Earth-F_xed to Runwa_ (EF..TO_RUNWAY)

This subfunction accepts the geodetic latitude, longitude, and azimuth of the

runway and computes the rotation matrix from the Earth-fixed coordinate system

to the runway coordinate system.

Formulation: The Earth-fixed to topodetic subfunction is used to obtain an

Earth-fixed to topodetic rotation matrix. Then the Earth-fixed to topodetic

matrix is multiplied by an Euler Z rotation matrix through the runway azimuth

angle (AZ), measured from true north to the +X-axis of the runway.

A. Detailed Requirements. Other routines designate this functJon as

EF TO RUNWAY(LAT GEOD,LON,AZ)

in which LAT GEOD -- runway's geodetic latitude

LON- -- runway's longitude

AZ -- runway's azimuth

EF_TORUNWAY -- desired Earth-fixed to runway coordinate transfor-
mation matrix

The following steps shall be performed (in the order indicated):

I. The Eu]er Z rotation matrix is calculated.

LroosAz0sinAZi]M : I(-sin AZ) (cos AZ) F9

0

B.

C.

D.

o The Earth-Fixed to TopodetJc Function is called and its rotation matrix

is premultip]ied by the Euler Z rotation matrix to produce the Earth-

fixed to runway rotation matrix.

EF TO RUNWAY = M EF TO TOPDET(LATGEOD, LON)

Interface Reauirements. The input and output data are shown in table
4.10.5.

Process_n_ Requirements. Input angles must be in radians.

Constraints. None

F9 This equation shall be protected against return value of sine or cosine w_th

magnitude greater than unity (Reference 3.6-9).
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S_lementar_If. Information. The Earth-fixed, runway, and topodetJc coordinate

systems are shown in Appendix C. A suggested _mplementation in the form of

a detailed flowchart may be found in Appendix C under the name:

EF TO RUNWAY FUNCTION
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TABLE 4.10.5.- EF TO RUNWA} FUNCTION INPUT/OUTPUT

79FMI0

Inlist/Outlist

Internal

Name

AZ

LAT GEOD
b

LON

!

External ! Input Source !
Name ! !

Output Destination

AZ

LAT GEOD

LON

! !

!EF TO SCANNER FUNCTION!

! !

!EF TO SCANNER FUNCTION!

! !

!EF TO SCANNER FUNCTION!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

I

i

!

!

I

!

!

!

!

I

!

!

!

!
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TABLE4.10.5.-" Concluded
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Variable Name
! ! !

' Input Source ! Output Destination !
! ! !

l ! ! !

!% !EF TO TOPDF_(LATGEOD, ! !
I !LON) I !
l l l l

!_ ! !EF TO SCANNER FUNCTION !
l ! l '
! l ! l
l ! l !
l ! l l
l l l l
l l ! l
! ! ! l
!. ! l l
! l l !
l l l l
l l ! !
l l ! l
! ! l l
! ! ! l
l l I l
! l l l
I l ! l
l ! l l
! ! 1 !
! ! ! l
I l ! l
I ! ! !
l l ! l
l l ! !
! ! ! !
! ! ! !
! l l l
! l ! l
l l ! l
! l ! l
! l ! l
! l ! l
! l 1 l
! l ! !
l l 1 !
l l l l
! l I l
l l ! l

tOnly EF TO TOPDET's element values are passed from input source, and only

values of EF TO RUNWAY's elements are passed to output destination.
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4.10.6 Earth-Fixed to Scanner (EF_TO_SCANNER)

The purpose of this subfunct_on is to compute the rotation matrix f_om Earth-
fixed to scanner coordinates.

Formulation: The Earth-fixed to runway subfunction is executed, with use of the

geodetic latitude and longitude of the scanner and the azimuth of the scanner

boreslght (AZ) from the true north to obtain a rotation matrix.

The rotation matrix is then multiplied by a rotation matrix representing a 180-

degree rotation about the X-axis.

A. Detailed Reu_em__ent__s. This function is designated

EF TO SCANNER(LATGEOD,LON,AZ)

in calling routines.

where LAT GEOD

LON-
AZ

EF TO SCANNER

-- geodetic latitude of scanner

-- longitude of scanner

-- azimuth of scanner boresight

-- desired Earth-fixed to scanner coordinate trans-
formation matrix

This step shall be performed:

The evaluation of the Earth-Flxed to Runway Function is premultiplied by the

180 degree X-axis rotation matrix

M " -I

0 -

to obtain the Earth-fixed to scanner rotation matrix.

EF TO SCANNER = M EF TO RUNWAY(LATGEOD,LON,AZ)

B. Interface Requirements.

C. Process_n_ Requirements.

D. Constraints. None

The input and output data are given in table

Input angles must be in radians.
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S__up_ementar__Z Information. The scanner, runway, topodetic, and Earth-fixed

coordinate systems are shown in Appendix C. A suggested implementation in

the form of a detailed flowchart may be found in Appendix C under the name:

EF_TO_SCANNER FUNCTION
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TABLE4.10.6.- EF TOSCANNERFUNCTIONINPUT/OUTPUT

79FMI0

Inlist/Outl_st
Internal

Name
!
!AZ

!
!LAT GEOD

I

!LON

!

!

External ! Input Source

Name !

Various Users

Various Users

Various Users

Output Destination
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TABLE 4.10.6.-" Concluded
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! ! ! [

! Variable Name ! Input Source ! Output Destination !
! l ! !

! ! ! !

It !EF TO RUNWAY (LAT_GEOD, ! !
!L N, ! !

l ! t !

l l ! Various Users !

l ! ! !

! ! ! !

l ! ! !
l l I !
l l l !
I ! ! !

! ! ! !

! ! ! !
! ! ! !
! ! ! !
l l ! !
! ! ! !
! l ! !
1 ! ! !
I ! ! !
! ! ! !
! ! ! !
l ! ! !
l ! ! !

l ! l l

! ! ! l
l ! ! l
! ! ! !
! ! ! l
! ! ! !
! ! ! !
! l ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! I
! ! ! !
! ! ! !
l ! ! l
! ! ! !
! ! ! !
! ! ! !

i
tOnly the values of EF TO RUNWAY's elements are passed from input source; and

only the values of EF TO SCANNER's elements are passed to output destination.
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4.10.7 Transformation From Structural Bo__ to M50 Coordinates (SBODY_TO_M50)

The transformation matrix from structural body to M50 coordinates (MAT) is

computed by postmultiplying the transformation matrix from body to M50 coordi-

nates by a matrix representing a 180-degree rotation about the Y-axis.

The transformation from body to M50 coordinates _s the transpose of the matrix

derived from the quaternion Q_FIFTY_BODY by employing the special purpose matrix

function QUAT TO MAT.

A. Detailed Requirements. This subfunctJon is called with the following inter-

nal variables in the IN LIST and the OUT LIST:

IN LIST: Q_FIFTY_BODY

OUT LIST: MAT

where

Q FIFTY BODY mean of 1950 to body rotation quaternion

MAT desired structural body to mean of 1950 coordinate

transformation matrix

The following steps shall be performed (in the order indicated):

I. The special purpose matrix function QUAT TO_MAT is called to obtain a

mean of 1950 to body rotation matrix.

MATRIX : QUAT TO MAT (Q_FIFTY_ BODY)

2. Rotate the transpose of the output matrix 180 ° about the Y-axis.

Bo

: -MATRIX I
MATI,I MATRIX), 1
MATI,2 I

-MATRIX_'

MATI,3 _MATRIX_' 1
MAT2,1 2

MAT2, 2 MATRIXg'
MAT -MATRIX_ '2

MAT_ '3 -MATRIX_ '2

MAT_ 'I MATRIX2 '3

MAT_ '2 -MATRIX313,3 3

Interface Reguirements. Input and output parameters are listed in table

4.10.7.

C. Processin R_uirements. This subfunction may be executed as needed.

D. Constraints. None
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S__upp1__ementarx Information. A suggested implementation in the form of a

detailed flowchart can be found in Appendix C under the name:

SBODY_TO M50
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TABLE 4.10.7.- SBODY TO M50 INPUT/OUTPUT

79FMI0

Inlist/Outlist

I Internal

! Name
!

!Q FIFTY BODY
m

!

IMAT

! External

! Name

!

!

!

!

!
!
!

!

!

!

I

!

!

!

!

!

I

!

!

I

!
I

I

!

I

!

I

!

!

!

I

!

I

!

!

I

!

!

!

!

I

!

Input Source

Various Users

Output Destination

Vsrious Users
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TABLE4.10.7.= Concluded

! ! !

79FMI0

! Variable Name ! Input Source !
! ! !
! ! !

Output Destination

!@ !QUATTOMAT(Q FIFTY !
! !BODY) - - !
! ! !
! ! !
! ! !
! ! !
! ! !

! ! !
I ! !
I ! !
! ! !
! ! !
! ! !
! ! !
! ! !
! ! !
! ! !
! ! !
! ! !
! ! !
I ! !
! ! !
! ! !
! ! !
I ! !
! ! !
! ! !
! ! !
! ! !
I ! !
! ! !
! ! !
I ! !
! ! !
! ! !
! ! !
! ! !
! ! !
! ! !
! ! !

!
!
!
!
!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!

!

!
!
!

@Onlythe values of QUATTOMAT's elements are passed from input source.
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4.10.8 Conversion of a Quaternion to a Matrix (QUAT_TO_MA_T)

The special purpose matrix function QUAT TO MAT computes the transformation

matrix, A, associated with a quaternion, Q, as QUAT TO MAT(Q) = A.

A. Detailed Requirements. Calling modules designate this function

QUAT TO MAT (Q)

This function is referred to internally as

QUAT TO MAT(Q) = A

•where Q - quaternion

.. - ...... _,....... _ transformation matrix

The following steps shall be performed (in the order indicated).

P2 = Q2 + Q2

P3 = Q3 + Q3

P4 --Q4 + Q4

P5 = P2 Q2

P6 --P4 Q4

TEMP = 1.0 -P3 Q3

AI,1 = TEMP - P6

A2, 2 = 1.0 - P5 - P6

A3,3 = TEMP- P5

P5 = P2 Q3

P6 = P4 Q1

AI, 2 = P5 - P6

A2,1 = P5 + P6

P5 = P2 Q4

P6 = P3 QI

AI,3 = P5 + P6

A3,1 = P5 - P6

q
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P5 = P3 O4

P6 = P2 OI

A2,3 = P5 - P6

A3,2 = P5 + P6

B. Interface Requ__irements.
4.10.8.

C. Processing_ R_e_uirement s.

D. Constraints. None

79FMI0

Input and output parameters are listed in table

None

E. Supplementarz Information. A suggested implementation _n the form of a
detailed flowchart can be found in Appendix C under the name:

QUAT TO MAT FUNCTION

P
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TABLE4.10.8.- QUATTOMATFUNCTIONINPUT/OUTPUT

79FMI0

Internal
Name

! !
Inllst/Outl_st ! !

I External ! Input Source !
! Name ! !

Output Destination

9

Q

9

A

! ! !

19 _M5OBODY_ IMU !NAV ONORBIT RENDEZVOUS[
I [ !

!Q M5OBODY RR IRR ANGLE NAV !
!

19 FIFTY BODY SBODY TO M50
I

!%

!
!
!

INAV ONORBIT RENDEZVOUS,

IJ_ _u_iuI.r_ NAV

!SBODY TO-M50

#Only values of A's components are passed to output destination.
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4.10.9 Earth-Fixed to Geodetic (EF=T_O_G__E_ODETIC)

79FMI0

This function is required to transform a Cartesian position vector in the

Earth-fixed (Greenwich) coordinate system to the geodetic parameters: geodetic

altitude, longitude, and geodetic latitude.

A. Detailed Requirements. This subfunetion is called with the following inter-
nal variables in the IN LIST and the OUT LIST:

where

IN LIST: R EF

OUT LIST: LAT_GEOD, LON, ALT

R EF

LAT GEOD

LON

ALT

Cartesian position vector

geodetic latitude

geodetic longitude

geodetic altitude

The following steps shall be performed (in the order indicated):

I. The computation for longitude is:

(h_E_L2 
LON = ATAN \R..EFI/ , 0 < LON < 2

F3,F7

. Computations for geodetic latitude, LAT GEOD, and height above the

reference ellipsoid, ALT, are as follows:

2 2
R XY = R EF + R EF
- - I - 2

2 I/2

R = (R XY + R_EF3)

FLATCON : 1.0 - (I.0-ELLIPT) 2, where ELLIPT : flattening of the

reference ellipsoid

SIN_P : R_EF3/R F3

F3 This equation shall be protected against division by zero (Reference 3.6-3).

F7 This equation shall be protected against arc tangents with both arguments

equal to zero (Reference 3.6-7).
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COSP : (R Xy)I/2/R

79FMI0

F3
i

RAD P : EARTH-RADIUS-EQUATOR

- V 1.0 + FLATCON SIN_P2/(I.0 - FLATCON)

FLAT CON SIN- P COS- P
DEL =

1.0 - FLATCON COS p2

F3,
F4

F3

RAD- P DEL
DEL LAT :

- R
F3

PHI : ATAN (SIN_P/COS P), -w12 < PHI S w12

F3,

F7

S.

C.

D.

E.

and

LAT GEOD = PHI + DEL LAT (in radians)

ALT : (R-RAD_P) (1.0 - 0.50 DEL DEL_LAT) (in feet)

The input and output data are shown in tableInterface Requirements.

4.10.9.

Processing Requ ire.ments.

Constraints. None

This subfunction may be executed on demand.

Supplementar X Information. The Earth-fixed coordinate system and geodetic

parameters are defined _n Appendix C. A suggested implementation in the

form of a detailed flowchart may be found in Appendix C under the name:

EF TO GEODETIC

F3 This equation shall be protected against division by zero (Reference 3.6-3).

F4 This equation shall be protected against square roots of a negative number

(Reference 3.6-4).

F7 This equation shall be protected against arc tangents with both arguments

equal to zero (Reference 3.6-7).
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TABLE 4.10.9.- EF TO GEODETIC INPUT/OUTPUT

79FMI0

!

!

! Internal !
! Name !

Inl_st/Outlist

External

Name

! ! !

Input Source

Various Users

Output Dest_ nation

I

!R EF !
m

!
!ALT

!

!LAT_GEOD
!
!LON

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!

!
!

l
!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
l

!

!

!
!

!

!
!

!

!

!

!

I

!

!

!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

Various Users

Various Users

Various Users

!

!

!

!
!

!
!

!

!

!
!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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TABLE4.10.9._ Concluded

79FMI0

Variable Name

rtl

!

IEARTH_RADIUS EQUATOR
!

IELLIPT

Input Source Output Destination

!

!

!

!
!

!

!

!

I

!

!

!

!

I

!

!

I

!

I
!

!

I
I

!

!
!

!

!

I

!

!

!

!

I

!

!

!
!

!

I
I

I

!

!

!

!

!

!
!

!
!

!

!

I
!

i
!

!

!

!

!

I

I

!

I

!

!

!

!

!

!

!

!

!
!

I

!

I

I

I

!

I

!

I
!

I
I

!

!

I
I

**Initiallzation parameters, see section 4.7
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4.10.10 UVW to M50 (UVW TO MSO)

The purpose of this subfunct_on is to compute the transformation matrix from UVW
coordinates to Aries M50 coordinates, g_ven the position and velocity of the ve-
hicle.

The orientation of the U, V, W system is determined by the Orbiter inertial posi-

tion and velocity vectors (R, R) at the point (or time) of interest.

A. Detailed Requirements. Users of this function designate it:

UVW TO M50(R,V)

where R -- position vector (mean of 1950)

V -- velocity vector (mean of 1950)

UVW_TOM50 -- UVW to mean of 1950 coordinate transformation matrix

The following steps shall be performed (in the order indicated):

I , The UVW coordinate frame axes unit vectors in mean of 1950 coordinates

are determined. (Z represents the V-axis unit vector to avoid confusion

with the velocity vector.)

_u:  /IRI

__W: (Rx x _vI

Z:WxU

S.

2. The transformation matrix from UVW coordinates to Aries mean of 1950 is

then given by

u _TOM50: [ lZlW]

Interface Requirements. The input and output data are given in table
4.10.10.

C. Processing Requirements. All computations are to be performed in double

precision.

D. Constraints. None

mo S_upplementary Information. The UVW coordinate system and the Aries M50 sys-
tem are defined in Appendix C. A suggested implementation in the form of a

detailed flowchart may be found in Appendix C under the name:

UVW TO M50 FUNCTION
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TABLE4.10.10.- UVW_TO_M50FUNCTIONINPUT/OUTPUT

79FMI0

Internal

Name

! !

Inlist/Outllst ! !

! External ! Input Source !
! Name ! !

Output Destination

! ! !

1
!
!
!
1
!
!
!
!
!
!
!
!
!
!
!
!
!
!
1
!
!
1
!
!
!
!
!
!
l
!
!
!
!
!
!
!
!
!
!
!
!

R

R

R

V

V

V

IR FILT

l

!R TV
D

i

!R
!

IV FILT
P

i

IV TV
P

!

!V
!

I

!

!

!

!

I

!

l

!

!

!
!

!

!
I

I

!

!

I

I
!

I
I

I

I

l

I

!

!

!

!REND BIAS AND COV PROP!
J !

!REND BIAS AND COV PROP!
2 !

!U A BIAS AND COVINIT l

! !

!REND BIAS AND COV PROP!

! !

!REND BIAS AND COV PROP!

!

!U A BIAS AND COVINIT

l
l
!
!
!
!
!
!
I
!
!
l
l
I
!
!
!
l
!
l
l
!
!
l
!
!
!
!
!
!
l
!
l
!
!
I
!
!
l
!
!
l
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TABLE4.10.10.- Concluded

79FMI0

!
! Variable Name !
' !

Input Source

! !

! Output Destination !
! !

l ! ! !

1% ! !REND_BIAS_AND_COV_PROP, !
! ! ! !

I ! !U A BIAS AND COVINIT !

I ! ! - - l

! ! ! !

l ! ! !

! ! ! !

l l l l
! ! ! l
l l l l
l l l l

t ! ! !
l ! ! !

! l ! !

l ! ! l

l ! ! !

! ! ! !
! ! ! !
! ! l !
! ! ! !
! ! ! !
l ! ! !
! ! ! !
l ! ! l
! ! ! l
l ! ! !
! ! ! l
! ! ! !
! ! ! !
! ! ! l
! ! ! !
! ! ! !
! ! ! 1
! l ! !
l ! ! !
l ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! ! !
! ! l !
l ! ! !
l ! l !
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79FMI0

VARIABLES LIST DEFINITIONS

CODE USED FOR VARIABLE DATA TYPE

F: floating point quantity. An n-dimensional floating point vector will be

denoted F(n). Similarly, a nxm floating point matrix will be denoted by

F(n,m).

I: integer quantity; I(n) will denote an n-dimensional integer vector

B: bit, i.e., data having only values of 0 or I

C: _haracter; C(n) will denote an n-dimensional character string

CODE USED FOR VARIABLE PRECISION

D: double precision

S: single precision; integer quantities are assumed single precision unless

otherwise specified

VARIABLE LOCATION

Compool: Variable value located in common storage, accessible byall functions

Local : Variable is used by one function only, and usable to other functions

through call argument only

VARIABLE INITIALIZATION CATEGORY

blank:

C:

DD:

HC:

MD:

OPS:

IV:

display is vacant

constant (unchanging)

design dependent

hard coded

mission dependent (I-LOAD)

OPS transition parameter

other required initial values

A-5



VARIABLE INITIAL VALUE

initial operation sequence computer inputs

VARIABLE UPLINK AND DOWNLIST STATUS

UPLINK: variable is an uplink item

DOWNLIST: variable is a downlist item

UNITS DEFINITIONS

deg:

ft:

ib:

n.d.:

rad :

sec:

slugs :

vary:

angular measurement, degrees

feet

pounds

non-dimensional

radian

time measurement, seconds

mass measurement, slugs

units have different values which depend on variable use

79FMI0
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DA._THRESHOLD = DA_THRESHOLD_.OPS_.2

DOING_FLTR._SLOW RATE : ON

DO._FLTR_SLOW_RATE : ON

DO_FLTR_SLOW_RATE_LAST : ON

DOING_MEAS ENABLE = OFF

MEAS_ENABLE = OFF

DOING__REND__NAV : OFF

REND_NAV_FLAG : OFF

REND_NAV_FLAG_LAST : OFF

I

I
I

I
I

I

I
I

!
I

!
I

!
I

I
I

I
I

I
I

79FMI0

D

b
Figure B-2.- OPS_2 SETUP CODE.
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|
I

I CANCEL: NAV_ONO RBI T_RENDEZ VOUS
I

I
I

I CALL:
i

I
I

I
I

I
I

I

I
I

REND._NA V_INIT l
I

I
I

I
i

I
I

I
I

I I
I ' I

,'REND_.NAV__FLAG__LAST ',

I : REND_NAV_FLAG I
I I
I I

I DOING_REND_.NAV : ON I
I I
I ..... I

79FM10

Figure B-3.- ONORBIT_COAST_TO_RENDEZVOUS_COAST CODE.
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I
I

Z CANCEL:
!
I-

NAV_ONO RBI T_HEN DEZ VOUS

I
I

I
I

I

I
l

I
I

I
I

I

I
I

I CALL:
t
I

REND_NAV_INIT

I
I

l
I

I
I

I
| - _

I I
I I

I REND._NAY_FLAG_LAST 1

I : REND_NAV_FLAG 1
I I
I ]

I DOING__REND__NAV : ON I
I i
I .... I

79FMI0

Figure B-4.- ONORBIT_PWRD_FLT_TO_RENDEZVOUS_PWRDFLT CODE.
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!
I

!! CANCEL:
l

NAV_ONO RBIT_REN DEZ VOUS

I
I

l
!

l
__ l

!
!

!, CALL :
I
I

REND_NA V._EXIT

!
l

l
l

l
|

l

,'REND_.NAV__FLAG__LAST =

I REND_NAV_FLAG
J
I

I DOING_REND_NAV : OFF
I
| ._

79FMI0

(

Figure B-5.- RENDEZVOUS_PWRD_FLT_TO_ONORBIT_PWRD_FLT CODE.
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I
!

CANCEL:
I
I

NAV_ONO RBI T_REN DEZ VOUS

I
I

!
I

I
!

I

I I
I I
I
, CALL: REND_NAg_EXIT I
I i
I .... I

I
I

I REND_NAV_FLAG_LAST -

,'REND.ANAV_FLAG
!
I

I DOING_REND_NAV : OFF
I
| .....

P

i
r

Figure B-6.- RENDEZVOUS_COAST_TO_ONORBIT_COAST CODE.
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I
!

I CANCEL:
i

!
!

NAV_ONO RBIT_RENDEZ VOUS ]
l

l l
l l

] PWRD_FLT_NAV.j_AST : l
! !! PWRD_.FLT__NAV
J J
! t

I DOING_PWRD_FLT_NAV : ON 1
i !
! __ - _l

79FMI0

(

(

Figure B-7.- ONORBIT_COAST_TO_ONORBIT_PWRD_FLT CODE.
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I
I

CANCEL:
t

| ....

NAV_ONO RBIT_RENDEZ VO US

I
!

I PWRD_FLT_NAV..LAST =

I PWRD_FLT_NAV
I
I

DOING_PWRD_FLT_NAV = ON
!
|= _

|
I

I
I

t
I

I
I

t
I

I
I

I

79FMI0

P

Figure B-8.- RENDEZVOUS_COAST_TO_RENDEZVOUS__PWRD__FLT CODE.
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79FM10

I I
t I

I CANCEL: NAV_ONO RBI T.REN DEZ VOUS 1
t t
t.... t

t t
I I

I PWRD_FLT_NAV = OFF I
! I
l l

I PWRD_FLT_NAV_LAST = PWRD_FLT_NAV 1
t I
I !

I MEAS_ENABLE : OFF I
! i
! t

I USE_IMU_DATA = OFF 1
! !
! !

I DOING_MEAS_ENABLE = OFF I
t !
i |

I DOING_PWRD_FLT_NAV = OFF 1
! |
l !

Figure B-9.- ONORBIT_PWRD_FLT_TO_ONORBIT_COAST CODE.
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!
I

!, CANCEL:
I
I

NAV_ONORBIT_RENDEZ VOUS

l
I

I
l

l
l

!
l

I
l

t
.... |

!
I

I PWRD_FLT_.NAV : OFF
I
i

I PWRD_FLT_NAV_LAST :

I PWRD_FLT_NAV
I
I

I DOING_PWRD_FLT_NAV = OFF
I
I

DOING._MEAS_ENABLE = OFF
I
I

I USE_IMU_DATA = OFF
!
I

MEAS_ENABLE : OFF
I
| -

I
I

I
I

I
_ I

79FMI0

i Figure B-IO.- RENDEZVOUS_PWRD_FLT_TO_RENDEZVOUS_COAST CODE.
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! !
! !

! = O. i, ._INMOD__ACC__BIAS ,
I t
i I

I
i
l
I
I
i
I
I

! !
I I

1 CALL: I
I I
I I

1 DISPLAY_COUNT_INIT I
I !
I !

Figure B-11.- REND_NAV_EXIT.
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I
I

I SNAP (y. _CURRENT_FILT, T_CURRENT_FILT)
I

I ,,, _ _ _ ,_ , _- . .

I
I

1
I

I
I

I

I
I

I

, _ _LAST_FILT : ][ _CURRENT_FILT

,' T_LAST_FIt/ = T_CURRENT_FILT
I

I
I

I

I

I

_ ,,, , I

I
I

I

_ .L_ -- "- ± =L_ --- _ - I =

I I
I I

I _[NMODJCC_BIAS = 0. I
I
, SQF_U - SQRT (EARTH.J4U) I
I '

..... i ..... ,i _ ]A. IU [,. [ _i _ II _ ILIL_ I_ L . _ III_ . Jl I Ill I

I

PRED_.ORB._CD = REF.,,,ORB_CD

PRED_ORBJREA = REF_OXB_AREA

FRED_ORB.MASS = CURR,,..ORB.J4ASS
GHOP • GM_ORD

GHDP • GM.DEG

DMP = DFL

VMP = VFLOV_PRED

A_MP • 1

PRED_ST_P -"PREC__TEP_PRED

_PRED_INIT • _ 3ILT_INIT

_[ _PRED_INIT = I[ _FILT_INIT

T_PRED_INIT = T_FILT_INIT

T_PRED_FINAL = T_LAST_FILT

I
I

JL'l _ _

II
I I

I I
, CALL: ONORBIT_2REDICT ,
I I

I
I

I
.... I

1 I
I _ _FILT - _ _2RED. FINAL I

I Y__FILT - E--FRED_FINAL I
I I
I I

!
I

t
I

(CONT'D)

I

Figure B-12.-OPS_2_OR_8_INITIALIZE (Sheet I of 2).

79FMI0
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(CONT'D)
!
!
I

I I
I I

1 CALL: SHUTTLE_RESET I
i t
I .. !

I
I
I

I
' I
sl PWRD__FLT__NAV = OFF Ii

' PWRD...FLT_NAV...LAST : PWRD__FLT__NAV It I

,' DOING__PWRD__FLT__NAV = OFF
! I

, USE._IMU._DATA : OFF I

,' OPS_2_OR 8_INITIALIZE COMPLETE
_ |

!, : ON
t !

, Ju

79FMI0

Figure B-12.- OPS_2_OR_8._INITIALIZE (Sheet 2 of 2).
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|=,,

___RESET = ___FILT

___RESET = _._FILT

T__RESET = T__LAST__FILT

__IMU..RESET : ___AST_FILT

FILT_UPDATE : ON

l
l

l
I

I
I

I
I

l
!

l
l

l
I

l
I

l
I

l
I

1
I

|
I

l

Figure B-13.- SHUTTLE. RESET.
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i I
I I

,' GMDP = GM__DEG ',

GMOP = GM..ORD I

DMP = DFL

VMP = VFLTV_PRED I

ATMP = ATFL_TV

' PRED_STEP = PREC STEP_FRED '

I I, _ _PRED_INIT = _. _TV
I
, V _PRED_INIT = ]L _TV I

[ T_PRED_.INIT = T_TV I

T_FRED3INAL = T..LAST3ILT I
I t
I I

I
I
I

I I
I t

I I, CALL: ONORBIT_PREDICT '
I I
I. I

I
I
t

I t
I I

1 _ _TV = R _PRED._FINAL I

y.._TV : V _PRED_FINAL

[ T_TV = T_LAST_FILT 1
I t

I
I

I
| ....

|
I
t
I

I
!
I
I
t

I
I
I
I

I

NOISY._NAV__MEAS : OFF

COV__PWRD_.FLT = OFF

COV__PWRD3LT__LAST : OFF

TAU__UNMCD__ACC__COV = TAU__U__A__COAST

]LAR__UNMOD__ACC = _AR__U__A__COAST

_IOV__ACCEL__UVW__INIT = COV__U__A__COAST

l
I

I

I t
I I

I CALL: REND_COV_.INIT I
I I
| .... i

I
t
I

I !
I I
I
, CALL: TARGET_RESET I
I I
I I

t
I
l

I I
I I

' CALL: COV_LAST_RESET ,'
I I

Figure B-14.- REND_NAV_INIT.

i
I
t
I
I
I
I
I
I
l
I
I

I
l

I
I

79FMI0

(

(
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I I
I I

IE=O,I
! I

I
S

!

I \ I
I SHUTTLE_FILTER._FLAG _________I CALL:

n / i!

I t
I I
!
I
! I
! !

I I
! I
| I
! !

! !
I I
! !
! I
I I
I !

I I
! !

I I
I !

! | I
I ! I

!
I
I
!

I
!

I
!

I
!

I
I
t
!
I
I
I
I
!
I
I
I
i
I
I

! !
I I

I I_CYCLE = 0 1
I I
I I

I
I

I

t I
!

I EXECUTE: DO_NAY_LAST_SETUP CODE I
I I

I
I

I

I I
I I

I CALL: DISPLAY COUNT INIT '__ I
! t
I |

!
!

CO VINIT_UVW I
I, , IN LIST: R _FILT, Y__FILT
I i

I I -. I

I
I

I I
I ! __

I I
I I

I TOT_ACC_LAST : iCCEL_ONORBIT (IGD, IGO, 1

1 IDRAG, IVENT, ATFL_OV,

_ _FILT, _. _FILT, T_CURRENT_ I

' FILT) + DV_FILT/DT__FILT '
I I
I ....... I

! !,__, CALL: COVINIT_UVW

I IN LIST: __TV, Y._TV
I

I
I

I
i

I
I

I
l

t
!

I
... I

8
__TV_LAST : _CCEL_ONORBIT (GM_DEG, GM_ORD, !

I DFL, VFL_TV, ATFL_TV, __TV, I

I __TV, T_CURRENT_FILT) I
I I
I I

Figure B-15.- REND_COV_INIT.
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I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
| _ _ _

DO_RR_ANGLES_NAV_LAST = OFF

DO_RRDOT_NAV_LAST = OFF

DO_ST_ANGLES_NAV_LAST : OFF

DO_COAS_ANGLES_NAV_LAST = OFF

I
I

I
I

I
I

I
I

I
I

I
-- I

B-16.- DO_NAV_LAST_SETUP CODE.
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IN LIST: _,

I
, DO FOR I = I TO 6 \ ....... I EI I : SIG--UPDATEI SIG--UPDATEI I

1 / I....................... I

I /
I . _ /

t
I
I

_ ___ 1 .... = = == = = ===_=
I I
I I

,'El, 2 = COV_COR_UPDATE I SIG_UPDATE I SIG_UPDATE 2 ,'
! -I

t
I

I El, 4 = COV--COR__UPDATE 2 SIG--UPDATE I SIG__UPDATE 4 1
I I
t |

E1 5 : COV--COR--UPDATE3 SIG--UPDATEI SIG--UPDATE5 1
I J I
I 1

I

I E2, 4 = COV_COR_UPDATE 4 SIG_UPDATE 2 SIG_UPDATE 4 I
I t
I i

E2, 5 = COV_COR_UPDATE 5 SIG_UPDATE 2 SIG_UPDATE 5
I !
I I

I E3, 6 = COV_COR_UPDATE 6 SIG_UPDATE 3 SIG_UPDATE 6 I
I !
t I

I E4, 5 = COg_COR_UPDATE 7 SIG_UPDATE 4 SIG_UPDATE 5 I
I t
I I

I

E2, I = El, 2
t

I I
I

I E5, 4 = E4, 5
! .... l

I
I

i

I |
l f

I CALL: U_A_BIAS_AND_COVINIT ]

I IN LIST: _, _ ',
l t

I
I

I
_ I

I !
l l

I E I to 3, I to 3 = M_UVW_M50 E I to 3, I to 3 M--UVW--M50T 1
I t
I !

I E4 to 6, 4 to 6 = M_UVW_]M50 E4 to 6, 4 to 6 M--UVW--MsoT [
i t
I I

I l! E1 to 3, 4 to 6 = N--U3/W-IvISO E1 to 3, 4 to 6 N--UVW--MsoT '
I I
! t

I E4 to 6, I to 3 = (El to 3, 4 to 6)T 1
l l

79FMI0

Figure B-17.- COVINIT_UVW.
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I
I I

I
!

, N_ACCEPT = D. I
!
! #
t I

, __REJECT : O I
l
! i
t t

, _EQ_ACCEPT = 0 '
t !
t I

I
i

, _EQ_REJECT = 0 I
I

I, I

Figure B-18.- DISPLAY_COUNT_.INIT.
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I

l
I

l
l

I
I

l
l

I
l

I
I__

_TV_RESET : R _TV

V _TV._RESET : V _TV

I
I

I
I

I
I

I
I

I
I

I
I

I

_ I

Figure B-19.- TARGET RESET.
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!

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

R _LAST = R _FILT

_[ --LAST = y. _FILT

_TV-LAST = K ..TV

][ _TV-LAST = ][ _TV

I)V__COV = O.

T_COV-LAST = T_CURRENT_FILT

I
!

I
I

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Figure B-20.- COV-LAST_RESET.

B-32



o

0
-0

0

o

H

Z

---

I
i ........

J.
!i

I
I

&

i

_. 0 I:1:;

Io,,_

........ _"

8
O

i

||

I

&
O

r Q

O

_.O O

O

O

_8
0 0

"5
!

I ."N

, L_ 0 I_
I

-- __-- __

,.,.,

M

1-1

o I

Z

I-I
.0l_1

_._
,-10
,_,_
r.J o

H I

'_h8

II

NI_ N II

.mS

0

0

0

N

Z

0

,-_

I

V_

I1)

B-33



o

[.-4
Z ....
0
c.3

÷

II

¢.3

f_
0
0

_3

_8

1 i

I
I
i ........

I "

_-I o '

°°l ....... -t

,'4 _1 :

o I J o

gl

eL.

¢J

0
c¢3

Z

0

Z

,.-1

8

0

0

j ....

t_

t_
0

0

t_

0

e_
o

3
I

_ g

B-34



+!

+

b II

_J

÷

X

+

,-1

J 1

i..........ti/
0

II

Z

A

0

e,

v

N

Z

0

,._

I

_ o

B-35



!
' \ I I
I USE_IMU_DATA \ _I D.V_COV = _.V_COV + DV_FILT I
I

' / I COV__PWRD__FLT = ON I
I I I '

I
I
I
I

I
I
I
I

I

I \ I I
J'CONT__ACC > MEAS__THRESHOLD _-.._I NOISY__NAV__MEAS = ON ,
I I I '
I _ _ Is /

79FMI0

Figure B-22.- COV_PROP_SETUP CODE.
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I

IN LIST: GMD, GMO, DM, VM, ATM, Ji...IN,"V_IN, T..IN, T_FIN

OUT LIST: R ._FIN, y_ _.FIN, G _NEW

I
I

I

i
I

I \ I
I T_FIN > T IN \ :: I

1 / I
I ..... / I I

I I

I

I
!

DT_STEP -- PREC._STEP_.PROP I
I |

|
I

DT...STEP -- -PREC_STEP..._PROP I
I

JJJ,__, , i i , ,
I I
I I

I T_CUR=O. I
I I
I_ . : _ |

t

"I I
I I

I xNI TO 3 -K--IN I
! t
' XN4 TO 6 = y--IN '

I XN7-O I
I I

I
I

I
I

! I
I |

,' T.._IN - T..IN ',

I N..STEPS = TRUNCATE + I I

{ DT_STEP {
I ;

I
I
I
!

!, \

I DO FOR \ I \ I I

I -- -- |, I : I \_[ I : N_STEPS \._I DT_STEP : T._FIN T_CUR T_IN '

I TO N._STEPS I I I

I / I __ I
I l I
I. - -- ! I

! I
I I
I I
I I

I I
I I

(CONT'D ) (CONT'D)

1 I
I : ...... I

79FMI0

Figure B-24.- ONORBIT_2RECISE_PROP (Sheet I of 2),
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( CONT' D)
I
I
I
I

I
I

I
I

I
I

I
I

I
I
!
I

I
I

t

(CONT 'D )
I
I

I

I I
! !

] CALL: RK_GILL ]

] IN LIST: _, DT_STEP, T_CUR, GMO, GMD, DM, ]

,' VM, ATM, T__IN ,'

I OUT LIST: _, T_CUR Z
I I
I.... _ I

I I
I I

I I, CALL: PINES_METHOD

] IN LIST: J_N, T_CUR, GMO, GMD, DM, VM, ATM, T_IN [

OUT LIST: _RIV, X
t I

I
i

I
|

i
I

l

I I
l t

I JI_FIN = X I TO 3 I

I X ._FIN = X4 TO 6 l
I _ _NEW = ACC_.k...OI_ORBIT(GMD, GMO, ON, VM, ATM, K_,FIN, I
!| i _FIN, T_FIN ) l
t l
l -. I

79FMI0

i

Figure B-24.- ONORBIT_PRECISE_PROP (Sheet 2 of 2).
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)

)

IN LIST:

OUT LIST:
_, DT_STEP, T_CUR, GMO, GMD," DM, VM, ATM, T_IN

_, T_Ctm

79FM10

I I
,'T__STOR = T__CUR '
! !
! ....... f

I
i

i DO FOR
#, J=l

!
!

I

I
l

I
l

l
!

\
\

/
/

/

I
I

I
I
I
I
I
I
l
I
I
|

t
I

T_CUR = T_STOR + A1BBJ DT_STEP I
I

I
i

I CALL:

I IN LIST:

I OUT LIST:
!
!

!
!

!
!

I
!

I

t
i

i, DO FOR

I

l
I
I
I
I
I .

{L= 1,7

I
I

PINES_METHOD I

_, T_CUR, GMO, GMD, DM, VM, ATM, T_IN

.]_ERIV,X l
i

!
! ,

\

_i I
l
l
l
l
i
t

l
I

I P = DT_STEP DERIV L

XNL = XNL + Aj (P - BBj QL)

I QL = CCj P + DDj QL
t

I
l

l
l

l
)

!
!

I
-I

)
Figure B-25.- RK_GILL.
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IN LIST: _, T__CUR, GMO, GMD, DM, VM, "ATM, T IN

OUT LIST: /IERIV, _[

79FMI0

q

I
I

I R__ = iX_I TO 3 I
I R__N_INV : I./&_IN
I
i SMA- I./[2.R_IN_INV- (XN 4 TO 6

i CI --SQRT(SMA)/SQR_EMU

I DELTAT = T_CUR-X_ 7

I D IN = XN I TO 3 "XN4 TO 6
I R_FIN_TEMP_INV = O.
I
!

t
I

I
t

I
I

I

I
l

I CALL: F_AND_G

I
I

I
I

I
I"

"XN4 TO 6 )/EARTH-MU] 1
I
J

!
i

t
I

!
I

t

"I

I IN LIST: SMA, DELTAT, CI, XN I TO 3' R__IN__INV,
I

I R_FIN_TEMP_INV, XN 4 TO 6, DIN, D_FIN_TEMP

I OUT LIST: F, G, FDOT, GDOT, SO, $1, $2, $3, X 1 TO 3' R__IN_,INV, TItETA i
! I

I
I

I
I

I
I

I

I

I X4 TO 6 = FDOT XN I TO 3 + GDOT XN 4 TO 6
!
| .

I
I

!
!

I
__ _ _ ,b-- |

I
I

I
I

I
t

I

_: .... | -: _

I I
I I

I T_ACCEL = T_IN + T_CUR I

I P = _CCEL_ONORBIT (GMD, GMO, DM, VM, ATM, X I TO 3, X4 TO 6, T_ACCEL) I
I E = _.- G_CENTRAL I

I D_TAU = X I TO 3" P I
I D_AUX : X4 TO 6. P I
I I
l I

I

I
I

I
I

I
I

I
I

(CONT 'D)

Figure B-26.- PINES_METHOD (Sheet I of 2).
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(CONT 'D )
!

!
i

t
|

!

I !
! |

I C2 : CI 2 I
! !
, $I = CI $I

S2 = C2 S2 i

i' C3 = 1./C2 i'

' $3 = SMA $2 _'

,' S4 = 2. S3 DJUX ,'

,' C4 = C2 D_AUX' ,'

C5 = C4SI 1

I' $5 = S2 D__TAU _'
l t

f
!

t
I

I
I

!

I I
I I
I I
, DD = $I C3 R_.IN(SMA R_IN_INV-I .) + SO D_IN ,

I $6 = 2. $2 C4 DD + $5 1

,'R_.IN__TAU = $4 - C2 $I D__AUX DD - $I D__TAU ,'
t
, UNJUX = R_IN_INV R_IN_TAU [

,'F_TAU = ($3 C3 R...IN_AUX - $4) R..IN_INV ,'

,'G__TAU = C5/R_FIN__INV - $6 ,'

I FD_TAU = FDOT (C4-R_IN__UX) I

I GD_TAU = -$4 R_FIN_INV [
I t

t
i

!
!

|
!

|

i i
i !

} DERIVI TO 3 : GD_TAU X I TO 3 - G_TAU X 4 TO 6 - G _ }

I DERIV 4 TO 6 = -FD_TAU X I TO 3 + F_TAU X4 TO 6 + F P 1

} DERIV 7 = $6 - 3. C4 SMA (CI THETA - $I) - C5/R_FIN_INV 1
) |
! __ t

79FMI0

Figure =_o_ ,_-_,._M_..,]O,-,Io_ ....._,--L,_, . ,..L,_u,.., -*L,J.* u _.,o**_u 2 O__ ,-').
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IN LIST: GMD, GMO, DM, VM, ATM, _, _,'T

I I
I I

I _-o. /l=_. I

I FIFTY - EARTH_.FIXED_TO__50_COORD(T) I
I K jF FIFTY" _ I
] ILINV = 1 ' './,K,
I /_ = R_INV R_EF 1

I G_CENTRAL = - EARTH_ R_INV 3 _ ]
! !
! l

!

! % I I

[ GMD _ 2 _..._t EXECUTE: ACCEL_EARTH_GRAV CODE t
! / t l
I / .!- I

I , /

!

!

1 \ 1 !
. !

I

, VM : I k.__..l EXECUTE: ACCEL_ONORBIT_I
! t! / J VENT.AND__THRUST CODE ,

I l / I
I

I
I

I \ ] 1
I DM = I _...-_I EXECUTE: SOLAR_EPHEM CODE I
I / I I
I / I .... I

1 ! I
! i I
! ! !

I I EXECUTE: ONORBIT_DENSITY CODE I
! i !
I I ...... : _ I

I I

I I I
I I I

I
, I EXECUTE: ACCEL_ONORBIT_DRAG CODE l
i l t

I
I

l
I

l l
I l

i ACCEL_ONORBIT = C, _CENTRAL + G + ]l + ]LENT ]
l t

!.... , _:_ !

GMD

GMO

DM

VM

ATM

CONTROLS THE DEGREE OF THE GRAVITY MODEL.

CONTROLS THE ORDER OF THE GRAVITY MODEL.

CONTROLS THE USE OR NONUSE OF DRAG ACCELERATION MODEL.

CONTROLS THE USE OR NONUSE OF VENTING AND UNCOUPLED THRUSTING MODEL.

CONTROLS THE INCORPORATION OF UNMODELED ACCELERATIONS (IN CONJUNCTION WITH

THE SHUTTLE_2ILTER._FLAG) AND WHEN COMPUTING DRAG, THE VARIOUS DRAG MODEL

OPTIONS USED (i.e., CURRENT ATTITUDE, AREA, DRAG COEFFICIENT, ETC.).

, _ ARE THE POSITION AND VELOCITY VECTORS OF THE VEHICLE IN M50 COORDINATES.

T IS THE TIME IN GMT SECONDS.

Figure B-28.-KCCEL_ONORBIT FUNCTION.
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I I
I I

l'RO__ZERO : EARTH__RADIUS__GRAV R__INV I

RO_N : RO_ZERO EARTH_MU R_INV 2 I

I A 1 2 = 3. UR 3 I
I 9 I

' _2 21= 3 ZETA_REAL I : I ,I _ ZETA_,IMAG I : 0 I
I AUXILIARY : 0 I
I I
) _ . _ |

I
I
I

............=I.....--

I \
DO FOR

II=I
I TO GMO
I
I

|
| , ,,

I
|

I

I '\

\ i i

_......__I ZETA_REAL I + I = UR I ZETA_REAL I -UR 2 ZETA_IMAG I I

/ I ZETA--IMAGI + I = URI ZETA_IMAG I + UR 2 ZETA_REAL I I

./

I I
I I

I DO FOR \ I A N + 1,1 : 0 I

N = 2 TO k__._l AN + 1,2 : (2. N + I.) AN, 2

I GMD / _ ANN,,I : AN, 2 I' UR3 AN 2 I, / 1 2 +I, ,
I _ J I ....,

I |
I i
! I

I I I
I I I

I G = _ -AUXILIARY /_ I I

,I G = FIFTY _ I I
I I I
I _ _I l

l

' \|

I DO FOR \ I

I J = 2 \__I AN -J + 1,1 = AN -J + 1,2

I TO N / I AN _j + 1,2 = (UR3 AN -J + 2,2 -AN -J + 2,1 )/J _
I I
| !i /

l
l

I

I I
I I

I I, FI=O

I F2 =0 1

,'F3 :-A 1,1 ZONALN |'

I F4 -AI,2 ZONALN I
l l

l
I

l
I

( COlOr 'D )

Figure B-29.- ACCEL_EARTH_GRAV CODE (Sheet I of 2).
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(CONT' D)
I
I

I
I

I \ I DO FOR \

I N _ GMD \__I NI = I

1 /
1.... /

I
!

I
!

t
I
I
I
I
!

I
.L. ., .

! I
.I I

I ROJ = RO_N RO_ZERO I

I G I = G I + RO__N FI I

I G2 = G 2 + RO._ F2 I

I G 3 : G 3 + RO_N F3 1
I AUXILIARY = AUXILIARY + RO__N F4 1
I I
I . .I

I FI : FI + NI ANI,I(C L ZETA_REALNI + S L ZETA--IMAGNI!

\___ F2 = F2 + NI ANt I(SL ZETA_REALNI - CL ZETA--IMAGNI

TO N / I DNM = CL ZETA_RE_LNI + I + SL ZETA--IMAGNI + I

/ _ F3 = F3 + DNM ANt + 1,1

I_ / I F4 = F4 + DNM ANI + 1,2
I L:L+ I

Figure B-29.- ACCEL_EARTH_GRAV CODE (Sheet 2 of 2).
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I \ , ,
I I

__,' SHUTTLE_FILTER_FLAG \__I ]LENT = //NMOD_ACC_BIAS ,'
I I
, , = OFF / {L . 1

I ! ........ /

I
I

!
I

l \ 1
I
, ATM = 2 \_1
8 Ii / i
I J I
I .... / I

!
!

!
I

I
!

{ l \ { I
I I

,__, SHUTTLE_FILTER_FLAG k..._{ ]LENT = J/NMOD_ACC_BIAS {

{ = ON / { I
1., /

!
I

I
1

l \
{T Z TFON \ l
!

, AND \_1 .V..ENT: _.ENT + M_BODYMSO []LFORCE/
I T < TFOFF / 'I
I Ii / n

I _ /
!
!

t
|

I I
! !

{ _ENT..SS = .VENT {
{ !
{ , {

CUR R_ORB_MASS ]

I
8
I

I
I

I
..... l

Figure B-30.- ACCEL_ONORBIT_VENT_AND_THRUST CODE.
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I l
I I

I LOS = LOS_ZERO + T LOS_R - LOC SIN (T OMEG_C + PHASE_C) 1
I I

I
I

I
I

I

I I
I I

1 SDEC = LOSK3 SIN(LOS) 1
I I
I I

I CDECI = SQRT(I. - SDEC 2) 1
I J
I I

1 COS_SOL_RA = COS(UOS)/CDECl I
! I
! I

1 SIN_SOL_RA = LOSK1 SIN(LOS)/CDEC1 1
I I
I ......... I

79FMI0

Figure B-31 .-SOLAR_EPH_ CODE.
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! !
! I

! I, ALT : H_ELLIPSOID (_)

! Ij CDEC1 - CDEC1 R__INV '

I SDEC = SDEC R_.INY R3 I
I CSFST = R I COS.._L_.RA COS_LAG 1

I CSSND = R I SIN__OL_RA SIN_LAG 1

I SIFST = R2 SIN_SOL_RA COS_LAG 1

I Ii SSND = R2 COS__OL__RA SIN__LAG
I -- II COS_2SI : SDEC + CDECI (CSFST CSSND + SIFST + SSND) '
! !, GDI = [(1.0 + COS_PSI)/2.0] GDIE
t t
i j,. , • , , _ j , ,. j _. • , • !

I
l

!
l

I ! !
! t !

l i v' ,% !
, _, _=-" ,
t ! ! l
l _ . _,. I I , I

1 \ 1
I ALT > ALT_L \ .... l
! !! / !

l l l l
! I ! !
I I I _" 4 I
, ,_, _=, !
t t t

!
!

l
I

I
L

l l
l l

I _FH = ABMI, K + ABM2, K ALT + ABM3,K/ALT I
l I
! I

I BFH = (BM I + EM 2 ALT + BM3/ALT) GDI 1
! l
! |

i !, CBMI = ALT - C__DENSEA
! l
! !

I CBMI = [CBDI (UNV) 2 ABS (R3) R 3] CBMI EXF (CBD2 CBMI) I
! i
! • - , , ., _ .... l

I
l

l
_ I

l I
I !

I I, RHO = RREF EXP (AFH + BFH + CBMI CBM2) ,
! t
I --I

79FMI0

q

I

Figure B-32.- ONORBIT_DENSITY CODE.
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I I
I !

I I II H_ELLIPSOID(_L) = ,_, - (I - ELLIPT) EARTH_RADIUS.J_QUATOR/
t !
! I

! !
, _I + ((I - ELLIPT) 2 - I) (I - (UNIT(a)'_ARTH_POLE)2) ,
! I
J- _ _ _ _ _ J

Figure B-34.- H_ELLIPSOID FUNCTION.
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I
I

I
I
I
I

_REL(_., Jl) = __- EARTH_RATE (_ARTH_POLE X Jl)

I
I
I
I
I

__ |

79FM10

Figure B-35.- V ..REL FUNCTION.
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L)

'®_

_J
L_.

E-4 _ I! ....Z -- i._

E-4

5

I
Q)

II

"5
0

I

v I

!

H
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Z t,-I

_ •
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1 I
I I

I E7 TO 9, I TO 13 : O. ]
I I
I I

I E 1 TO 13, 7 TO 9 = O. I
! !

I I
!
I

t

1 \
I COV3WRD..tLT \
n / n! I

n / z
I
I

!
I

I
I

$ I
I I

I TAU_UNMOD_ACC_COV : TAU_U_A_PWRD_FLT I

I y.AR_UNMOD_ACC : ]LAR_U_A_PWRD_FLT )

I _IOV_ACCEL_UVW_INIT : COV_U_A..PWRD_FLT I
I I

i ........... -I

I I I
I I I

,' ,'TAU_UNMOD_ACC_COV : TAU_U_A_COAST ,'

,___' ' _[AR_UNMOD_ACC = _LAR_U..A_COAST ,m

I COV_ACCEL_UVW_INIT : COV_U_J%_COAST
! !

I= . .=.._ _ _I

. | ,

I \ I
,'SHUTTLE_FILTER_FLAG ____.I CALL:

I /I
I / I

I $
I I

I I
I I

$

!
|

I
I

I
I

I
I

l

I I

I COV_FWRD_FLT_LAST I

I : COV_2WRD_FLT l
I I
I_,_ - - -- I

U..A._BIAS_AN D_CO VINIT

I IN LIST: JI_FILT, _._FILT
|

I I
l I

, i U__A__BIAS__AND__COVINIT;_; CALL:
I, IN LIST: R_TV, V_TV
I

|_ __ c-_

79FMI0

I
I

I
I

l
I

I

I
I

I
I

I
I

I

-|

Figure B-38.- UNMOD_ACC_REINIT CODE.
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I I
I I

I TI_P I TO 13, I TO 6 = El TO 13, I TO 9 PHI T I
! I
! . - !

!
!

!

I !, \ I \ ,

I DO FOR k.__._l DO FOR k__.._l TEMPj, I = Ej, I
I J = I TO 13 / I I : 7 TO 9 / I_
t
, .......i I ....... /

I
!
!

t t !, \ , \ ,

I DO FOR k.___.l DO FOR k___._l TEMPj,K+ 9 : Ej,K+ 9
I J : I TO 13 / I K = I TO 4 / I

I__ _I ', /
t
!
!

• _ • _ -, , ,

t !
t |

I E I TO 6, I TO 13 = PHI TEMPI TO 9, I TO 13 I
l !
t t

!
l

!

1 \ 1 \ 1

PH I_UNMOD_.AC C

PHI_BIAS K

I
I

I
I

.. I

I
I
l
I
I
I

79FMI0

l
I

l I

, DO FOR \_I DO FOR \_I EI, J : PHI__UNMOD__ACC T_4PI, J ,
I J = I TO 13 / I I = 7 TO 9 / I _.....
i !
,.. ._. I , _ /

I
I
I

l l l l, \ , \ ,
l l

, DO FOR \ I DO FOR \_I EK+ 9,J : PHI_BIAS K T]_PK+ 9,J ,
I J = I TO 13 / I K : I TO 4 / I ............... I

I....< ,, , I I_______/
l
I
I

l I
l I
I

! E7 TO 9, 7 TO 9 = E7 TO 9, 7 TO 9 + S_UNMOD_.ACC I
t !
f .._ .......... !

!
!

t
. . |

1 \ 1 1

I DO FOR _..._I EK+ 9 ,K+9 : EK+9, K+9 + S--BIASK I
l v 4,.r_hl t t
I -1% : I J.U_' # I.......... l
l
i , /

J_
!
I
I
t
!
I

( CONT wD )

Figure B-39.- PHI___PHI_TRANSPOSE CODE (Sheet I of 2).
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(CONT 'D )
I
I
I
I

I, \

I COV__PWRD_FLT - ON \
!
, !
, /

I
I
I
!

I
!

I
I
I
I
!
I

I
!

I
I

I
I

I
I
I
I
I
I
I
I
I

, I
I, \
, NOISY_NAV_MEAS \ ,
1 !
! J

! !
I I

,'COV._PWRD_2LT = OFF ,'
I I
I ..... I

I
I
I

I I
I I
I
, EXECUTE: PWRD_FLT_NOISE CODE I
I I
I _ I

I
I

I
I
I

, | ,
I
I

I EI TO 6, I TO 6 = El TO 6, I TO 6 + S
I
| , • .

I I
I I

I NOISY,_NAY_MEAS = OFF I
I I I
I I , I
I I
I I
I I
I l

I I I
I I I

I I CALL: DISPLA¥_COUNT_INIT I
• o ,_, ,±, , !
I
I
I
|

! t I
I I I

I__I NAV_MEAS : ON I
l I
I ..... I

I
I
I
I
I

__|

79FMI0

Figuee B-39.- PHI_E_PHI_TRANSPOSE CODE (Sheet 2 of 2).
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|.

$4, 4 = DV__COV32 + DV__COV22

$5, 5 = DV__COV12 + DV__COV32

$6, 6 = DV__COV12 + DV__COV22

$4, 5 = -DV__COV I DV_COV 2

$4, 6 = -DV__COV I DV_COV 3

$5,6 = -DV--COV2 DV--COV3

S6, 5 : S5, 6

$6, 4 : $4, 6

S5, 4 : S4, 5

$4 TO 6,4 TO 6 : (VAR-/MU--ALIGN)S4 TO 6,4 TO 6

$I TO 3,4 TO 6 = 0"5(DT--COV)S4 TO 6,4 TO 6

$I TO 3,1 TO 3 = 0"5(DT--COV)SI TO 3,4 TO 6

79FMI0

Figure B-40.- PWRD_FLT_NOISE CODE.
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IN LIST: _ ,

79FMI0

| I
I I

I _LNMODJCC_BIAS = _i. I
I I

I
I

I
I

!
_ .i, L i_ _ ,, _

! I
I I

I M__LM50 -- uvw___.M50 (It, 3/9 1
I !
I _, , . L _ _ i ,± , • _ • |

t
I
I
I
I

1 x 1

I DO FOX \ _ I EI.6,I.6
I I = 1,3 / 1

1.... /
I
I
I
I
!

_ ,i | ,i ,L
!
I

I
|
I
I

!
!

= COVJCCEL_UVW_INIT I I
!

.... .I

,L
!
!

E7 TO 9,7 TO 9 : M...b'VW...,M50E7 TO 9,7 TO 9 M-UVW-M50T I
I

Figure B-41 .- U_A_BIAS.._D_COVINIT.
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I

I

!
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!
!

!
, DID__COVAR._REINIT = OFF

,'DID__ORB__TOTGT = OFF

I DID__TGT__TO__ORB = OFF
I
| _ • -. _ 7

I

l
I

I DO_COVAR._REINIT
I =ON /
I /
(HAS THE I

CREW I

REQUESTED I

A COVARI- I

ANCE MATRIX I

REIN!T?)., _

"\

\

I I
I |

! I, CALL: !

,'REND__COV_.INIT '|
I !
I I

!
],

| I
I I

' DO__COVAR REINIT : OFF

I DID__COVAR__REINIT : ON 1
I I
| .. _ _ ._ _ _= = _ ...- _- . I

I !
I I

,'DO_ORB_TO_TGT \..._ . ._ I I_TV : __FILT
I, = ON /

I /
(HAS THE CREW

REQUESTED A

STATE VECTOR

TRANSFER:

TGT = ORB?)

I
|

I I_TV = y__FILT I
I I
| |

I
_ .L J .... _

t I
I I

I CALL : REND_COV..INIT 1
I I
I I

l

I l
I I

I DO_ORB_TO TGT = OFF I

I DID_ORB_TO_TGT = ON
! I
l I

(HAS THE CREW

REQUESTED A

STATE VECTOR

TRANSFER:

ORB : TGT?)

\ i I
I DO_TGT_TO_ORB \__I R _FILT : Jl _TV I

= ON / I ][_FILT : ]i_TV I

I......... / I ....I
|
!

| I
I I

I ICALL: REND_CO V_INIT '
I I
I _ I

I

! !
l I

|'DO__TGT__TO__ORB = OFF ,'

I DID TGT_TO_ORB = ON I
NOTES I }

I. THE DO_COVAR._REINIT FLAG MUST BE ACTIVATED ONLY DURING THE RENDEZVOUS

NAVIGATION PHASE.

2. STATE VECTOR TRANSFER MUST BE ACTIVATED VIA CREW INPUT TO THE REL_NAV DISPLAY

AND ONLY DURING THE RENDEZVOUS NAVIGATION PHASE.

Figure B-43.- REL_NAV_DISPLAY_UPDATES.
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IN LIST: I, :[AU, J_IAS_VAR, j_IAS_COV_VAR, J_IAS_.INIT

79FMI0

I, \

I DO FOR \ ....

I J= ITO2 /
t

I
I

I K=I +J
t
t

,' TAU._SENS K --"TAUj
I
!

I

i SENSOR.-BIAS K = BIAS__INITj
I
I

" VAR--SENS K - BIAS__VARj
I
I

!

i E9 + K I TO 13 - 0.0
I 7
I

t

' El TO 13, 9 + K " 0.0
I
!

I

' E9 + K, 9 + K : BIAS_COV_VARj
t
I

N._ACCEPT K : 0
!
l

1 N__REJECT K : 0
t
!

1 SEQ_.ACCEPT K = 0
!
!

,' SEQ._REJECT K : 0
I
I

1 NAV._SIG K = O. 0
t
I,

I
I
I
I
I
I
I
I
I
I
I
I
I
l
I
I
I
I
I
I
I
I
I
I
l

Figure B-46.- SETUP.
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I, \ I
I'SELF_TEST_ k__l DELTAT GO = T_CURRENT_FILT-T_REND_RADAR
Ij FLAG = OFF / I
I s t
! .... / !

I
z = I

!
!

,'RNG_DATA__GOOD
I
I

I
I

I
l

I
l

l
l

I
I

I
l
I
I

I
l
I
I

m
l

I
I

I
I

I
I

I
I

I
l

l
I
I
l

I
l
l
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
!

I
I

I
I

I
I

l
I

I
I

I
I

I
I

I
I

(CONT 'D )

\ I I
___. I CALL: REND_NAV_INTERP I

/ I I
/ I

I
: = , 1 _ ±

I I
I I

I B I TO 6 : -(PHI--PATCHI TO 3, I TO 6)T I_RHO I
I B12 : I .0 1
I I
I, • I

I
I

I
. I

I I
I I

i RNG : R_RHO_MAG + SENSOR._BIAS 3 i
I DELQ : Q._RR_RNG - RNG 1
t I
|u t _ L ,, ±i |

|
l

I
= : = |

l l
l l

I VAR = (SIG_RR_RNG + SLOPE_$IG_RR_RNG R_RHO_MAG) 2 1

I VAR = MAX [VAR, VAR_RR_RNG_MIN] I
I l
I_ I

|
l

l
I

l I
l l

,'RESID__RATIO__OLD : NAV__SIG 3 '|
' MANUAL_EDIT OVERRIDE : RANGE__EDIT OVERRIDE 'l __ __ l

||STAT__FLAG : RANGE__STAT |'
I I

I
l

l
I

I I
I l

I| CALL: REND_NAV_FILTER 1
l I

|
l

I
_ | t

I l
I I

,'SENSOR__EDIT 3 : EDIT. FLAG '

||NAV_SIG 3 = RESID__TEST RATIO |'

I SENSOR_DELQ 3 : DELQ I
l I
l ....... I

Figure B-47.- RRDOT_NAV (Sheet I of 2).
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(CONT 'D)
I
I

I
= .- |_.

I
I

I RDOT_.DATLC-OOD
I
I
I
| _ , ,_

\ I
k.._i CALL:

/
,/

I
I

REND_NAV_.INTER P }
I I
I ..... _ __ _I

I
[
I

- - _/ t

1 ,
I U ..RDOT = V _RHO/R..RHO_MAG 1
I I' BI TO 3 = I_RHO X(_._RHO X U_RDOT) '

I

I B 4 TO 6 = - I_BHO ..

I B I TO 6 (PHI--PATCH)_ BI TO 6 I
I

{ B13 = 1.0
I I
| _ _ - I

I
I
I
t

, 1

_ RNG_.DOT= K_J_HO " K../_DOT + SENSOLI31AS4 1
I

I DELQ = Q_.RK_RNG_.DOT - RNG_DOT
! I

I
I

!

I I
I I

I VAR = VAR...RANGE_DOT I
I I
I . i

I
I
I
|

I
I

I RESID..RATIO_OLD = NAV._SIG 4

] MANUAL_EDIT__OVERRIDE = RDOT__EDIT__OVERRIDE

] STAT_2LAG = RDOT_STAT

I

|
I
I

I I
I I

I CALL: REND_.NAV..FILTER I
I |

I
I
I

: _I _ _
I I
I I

] SENSOR__DIT 4 = EDIT_FLAG I

I NAV_SIG 4 = RESID_TEST_RATIO 1

,'SENSOR__DELQ 4 : DELQ ,'
I I

79FMI0

I
I
I
I

I
I
I

I

i

q

Figure B-47.- RRDOT_NAV (Sheet 2 of 2).
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IN LIST:

OUT LIST:

R ONE, V _ONE, R _TWO, _[ _TWO, _[ _/MU_DIF,

IGD, IGO, IDM, IVM, IATM

R _BESID, V _RESID, A _RESID

79FMI0

I I
I I

I K_RESID = __TWO 1

__I i--RESID = I--TWO 1

,' ,'T__RESID = T__CURRENT__FILT '
I I I

ILLI. ,,. I

I \ I
I IF IDELTAT_GO I .q EPS_TIME \ '__I

I / 1
I ,_ _ / I

I
!

I
I
I

I
I
I
, R_TWO_INV : I./IK _TWO I
I
, SMA = I./[I./IK_ONEI + R_TWO_INV
I, -(i _ONE • i _ONE + _ _TWO
I

,__, i_TWO)/(2 . EARTH_MU)]

I CI : SQRT (SMA) /SQR__MU

,'D_TWO = __TWO • __.TWO

,'T__RESID : T__CURRENT__FILT-DELTAT__GO

,'R__FIN__TEMP__INV = O.
I
!

I
I
I
!

I I
I I

I CALL: F_AN D_G I

I IN LIST: SMA, -DELTAT_GO, CI, __TWO, R_TWO_INV, I

I I, R_FIN_TEMP__INV, _ __TWO, D__TWO, D..FIN__TEMP '

I OUT LIST: F, G, FDOT, GDOT, SO, $I, $2, $3, I

I __RESID, R._FIN_INV, THETA I
I I
I I

I
I
I

LmLI • _
I I
I I

l __t_ESID = F_T __IWO ÷ GDOT__TWO I
I I
I ...... I

I

I I
I I

I i _RESID : I
I
, ACCEL_0NORBIT (IGD, IGO, IDM, IVM, IATM, __RESID, __RESID, I

,' T_RESID) + _ _IMU._DIF/DT_COV ,
I I
I ..... I

Figure B-49.- ONORBIT_SV_INTERP.
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!
, \ I I

I R_BHO_MAG < RNG_MIN \__ I EDIT_FLAG : OFF I
t

, / 1 1 1
I.. _ / 1

I
I
I

!
' \ 1 I

,'SHUTTLE__FILTER_FLAG : OFF \_I B! TO 6 : -BI TO 6 '
I
' / 1 I
!, /

!
I
t

_ t
I
I

E B_COPY : E B I

BT._E_B : B • (F_B_COPY) I

B=0 I

MS_DELQ : BT_E_B + VAR I
!

! ..... !

I
I
I
| ,

I
i \

I (E 1 1 + E2 2 ÷ E3,3) \_
I > M__POS_ND_WGT /

I.. /
t
I
t

• • | i

l I
l l

I MS_DELQ = MS_DELQ I
I
, + K_UND_WGT (BT_E._B) 1
! !
l, l

I l
I l

,'RESID_TEST : (K_RES_EDIT) MS..DELQ ,'
! !
l i

i
l

i
!

! l
! !

,'RESID__TEST__RATIO : !'
! !
l !

I ABS(DELQ)/ RESID_TEST I
I !
l- !

I STAT_2LAG \ I EDIT_FLAG = STAT I
I / 1 1 1
! -!.. / 1

t
I
!
I
!
!

(CONT 'D)

79FMI0

Figure B-50.-REND_NAV_FILTER (Sheet I of 2).
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(CONT 'D )
I
I

I

I
, \
, MANUAL_EDIT__OVERRIDE
I
, /
I /
I

• ,, __i _
I
I
I
I
I
I
I
I

I
I
I
I

I
J

I
I

I RESID_TEST_RATIO
I
, _< TEST_VALUE
#
#

!
!

I TEST_VALUE = MAX [RESID_RATIO_OLD
I
! + DELTA__RESID_.RATIO, I.]
I

_ I

I I
I I

,_I TEST__VALUE = I. I
I l
I I

\

/ I
/ I

l
I
I
I
I
I

I
I
l
I

I
I
I
I
I
I
I
i

I
I

I EDIT__FLAG = ON
l
|,,

l I
I l

I EXECUTE: REND_STATE_AND_I

I COV_UPDATE CODE I
l I
i_ _ l

I
I
I
I

I, \

' MANUAL__DIT_ \I

I OVERRIDE /
l
!L /

I
l
I
I

I
I

I - I
I I

I EDIT_FLAG = I

I I FORCED I
I I l
I I, • I
I
I
I
I
I I
I l

,_,' ' EDIT..FLAG =

I, PROCESSED
I
I

I
I
I
I
I
I
I

_ I

Figure B-50.- REND_NAV_FILTER (Sheet 2 of 2).
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I

79FMI0

i I
I !

_IMEGA = F_B COPY/MS_DELQ [
I 1
I _ _ I

I
|

I

s \ !

l DO FOR k._.__l

_ I= 1 9 12 /

1 /
I
I

|
I
I
t
I
I

I
I
I

I
t

I I
! I

\ [ EI, J = EI, J - OMEGA I EB_COPYj ]
DO FOR i____ _ I

|

I J : I + I, 13 / I Ej, I = E I J
-- I 9 lI

l l l . - l
I
I

l
L ,. :1 : _ _

I I
! I

EI, I : EI, I - OMEGA I EB__COPY I I
! I

I E13, 13 = E13, 13 - OMEG]%I3 EB--COPY13
I %
l .... ,,, . l

!
!

!
| ......

\ I |
Ii " ! l

I SHUTTLE_FILTER_FLAG >........... I I! JILT = R_FILT + OMEGA I TO 3 DELQ I

' I I ]L_FILT = I[--FILT + OMEGA 4 TO 6 DELQ 1I
- = t I

I _
l I

!_I I! _TV = I! _TV + OMEGA!to3 DELQ [

I ]I_TV : V_TV + OMEGA4to6 DELQ I
I l

., I
I
I

I UNMOD_AC C_U PDAT E_F LAG
!
!

\ I I
>....... I //NMOD_ACC_BIAS = I

_I ] _iNMODJCC_BIAS + OMEGA7to9 DELQ I
! 1
t .... - I

I
!

l
l

l
1

l

I I
I l

I 2_ENSOR_BIAS : _ENSOR_BIAS + OMEGAIOtol 3 DELQ I

I _I

Figure B-51.- REND STATE AND COV [TPDATR cnn_
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\

RR_ANGLE_DATA_GOOD \ I

AND k___l M_M50_TO_SENSOR : M_BODY_TO_RR

SELF_TEST. FLAG : OFF / I QUAT..TO_MAT (Q_M5OBODY_RR)

| _ _ _

|
l

I
l

I
|

/ I , I
/ 1

I
I ,,L L 1 ' "

t t
I I

I DELTAT_GO = T_CURRENT_FILT-T_J_END_RADAR 1
I I
I. I

l
l

I
I

I I
I I

I CALL: REND_NAV_INTERP
I I
I I

I
I

I
I

I l

, CALL : REND_ANGLE..PARTIALS |
I I

| IN LIST: -N-M50-.TO-_ENSOR3, 1 TO 3 i
I I
I , I

!
|

I
I •

I I
I |

I I
, B10 = 1.0 ,
1 !
I I

!
!

I
. ,,L • | 1 , L

! I
I !

I SHAFT = ARCTAN2(-U_N2, U_N 1 ) + S_.NSOR_IAS 1 1
I DELQ = Q_RR_SHFT RAD_pER_DEG - SHAFT I
I l
I _,. l

l
l
l
| , _ L _ , ,.,,

l I l I| \ , \ , |

,' IDELQI > PI \__I DELQ > O. \__I DELQ : DELQ - 2. PIl

I / 1
I J I
l .... ,/ I, _

I
I
l
I
I
l

l
l
l

L I ,I
I I
l I
I
, VAR = VAR__SHAFT l
l l
l l

I
I

!
I

(CONT'D)

/I I I
/ I

l
l

l I I
l l l

' ' DELQ : DELQ + 2 PII
l I
I _ l

Figure B-52.- RR_ANGLE_NAV (Sheet I of 2).
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D

(CONT'D)
I
i

I
1 I
I

I RESID_RATIO_OLD = MAX[NAV--SIGI, NAV--SIG2] 1

' MANUAL_EDIT OVERRIDE = RR_ANGLES EDIT OVERRIDE I

STAT_FLAG = RK....ANGLES_STAT
I

I I
t

!
I ,

I l
! !

I CALL: REND._NAV._FILTER I
! |

I

I I
I

I SENSOR_EDITI : EDIT..2LAG 1
I

[ NAV_.SIG I = RESID_TEST_RATIO !
I

SENSOR DELQ I : DELQ
I

t t

1
i t • _.

I

I
I CALL: REND_NAV_.INT ERP I
l I

_ ._t
!
I ,

I
I l
I l

[ CALL: REND_.ANGLE_pARTIALS
I

IN LIST :

[ UNIT(/.._RHO X M_M50_TO_SENSOR3, I TO 3 ) 1
I

I .I
|, l .

!

I I
I I

I Bll = 1.0 1
I I
I. , --I

!
= 1- : I

I t
I

[ TRtN = ARCSIN(U_N 3) ÷ SENSOR.._I_2 I
I

] DELQ : Q._RR_TRUN RAD..PER_DEG -TRUN !
I

I
t _, ,

I

l |
t i

_T^,_ VAR__TRUN '
I I
_. -.t

|
[

l I
} !

| I, CALL: REND_NAV_FILT ER '

I __1
t
| _ _

! I

] SENSOR_,EDIT 2 : EDIT_FLAG I
m

NAV_._IG 2 = RESID__TEST__RATIO !
l

I SENSOR-.DELQ2 : DELQ |
I

l -t

Figure B-52.- RR ANGLE IgAV (.qho.p.t _ _f' _5
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IN LIST: I_N

79FMI0

_.IO....PLANE = R_,RHO - (R RHO • I N) I_.N

BI TO 6 - (PHI--PATCHI TO 3, I TO 6)T[UNIT(_O-- PLANE X I_.N)
/I_O_PLANE I]

U _M : MJ450_TO_SENSOR I ._RHO

, • !

Figure B-53.- REND_ANGLE_PARTIALS.
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I

I

I \

I ST..DATA_GOOD \

I AND

I TRG_TRK__ODE /
I /

I I
! I

X_..I _50_TO_SE:NSOR = ___O_TO_.ST 1
I I

I i ,,, L,I I |

I
I

I
!

I

__L: I
I

I '
I DELTAT_GO : T_CURRENT_FILT - T STAR_TRACKER I

I DELTAT_ST = T_STAR_TRACKER - T ST_LAST I
I

I I
|_ ,

|
|

I I

I,, : I

1 \ I CALL:

I DELTAT_ST > _.__I

I DELTAT_ST_MIN /

ANGLE..NAV

I IN LIST:

' VAR__ST__HORI Z,I

I Q_T_HORIZ, VAR ST_VERT,

I Q_ST_VERT, ST_ANGLES EDIT_OVERRIDE, I
i

I ST_ANGLES._STAT
I

I
I

l
l

I

l _

T ST..LAST = T_STAR_TRACKER

I

I
Figure B-54.- STAR_TRACKER NAV.
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IN LIST: VAR_ORIZ, Q_HORIZ,VAR_VERT, OVERT, ANGLES_MANUAL_EDIT_OVERRIDE,

ANGLES_STAT3LAG

! t
! I

I CALL: REND_NAV..INTERP I
I I

I
J

I

I I
I I

I CALL: REND_ANGLE_PARTIALS I

I IN LIST: -M_M50_TO_SENSOR2, I TO 3 1
I I
I-- , I

!
l

I
, z |_ --

t I
I I

I Bll =1.01
I I
IL_ : I

I
I
t
I . ._

I I
I VERT = ARCTAN2 (-U M1, U..M 3) + SENSOR.J3IAS 21
I DELQ = Q_VERT RAD_PER...DEG - VERT I
I I
t .__ _= -I

Ii
I

t
_ _,L | -

I I
I I

I VAR = VAR_VERT I
I !
I .I

I
t

l
.. L | I

I I
I |

RESID RATIO_OLD = MAX[NAV._SIG I, NAV_SIG 2 ] 1

i MANUAL__DIT_OVERRIDE = ANGLES_MANUAL_EDIT_OVERRIDE 1

I STAT3LAG = ANGLES_STAT3LAG I

I............., I
$
I

I I
| I

I CALL: REND_.NAV_.FILTER I
I I
I,, • : I

I
I

I I
I !

I SENSOR_DELQ 2 = DELQ I

I NAV_SIG2 = RESID_TEST_RATIO I

I SENSOR _IT 2 = EDIT_._AG 1
I I
I ._ ..,_ __. I

I
!

I
I

(CONT'D)

Figure B-55.- ANGLE_NAV (Sheet I of 2).
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( CONT ' D )
I

I
!

I !
! !

I CALL: REND_NAV..INTERP I
I ]
I. • .!

I
)

1
.... J, , ,u q.,

I I
! !

CALL: REND_ANGLE_P ART IALS

I IN LIST: -M._M50_TO. SENSOR I I TO 3 1

|. -- _ L . m , J • _ , |
I
I

!
• |

! t
I I

I BIO = 1.0 1
I !

!
!
!

t I
I J

_ HOXZZ = AXCTAN2 (U-M2, U...M3) + S_.NSO__BIASl I
I DELQ : Q_HORIZ RAD._PER_DEG - HORIZ I
! I
I !

I
I

, .. J | J _ • _

I !
! I

] VAR : VAR_HORIZ 1
I I

I
I
I

, • _ , i J J , ,
I I
! I

I CALL: REND_NAV_2ILTER 1
I I
I . . _ I

!
I

I
I

I l
l I

I SENSOR_DELQ 1 = DELQ l

I NAV..SIG I : RESID_TEST_RATIO ]

I SENSOR_EDIT I = EDIT.__AG 1
! !
! ....... |

79FMI0

D

Figure B-55.- ANGLE_NAV (Sheet 2 of 2);
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I \ I I
COAS_ \__I DELTAT_GO = T_CURRENT_FILT -T COAS

DATA_GOOD / i DELTAT_COAS = T COAS -T_COAS_iAST i

I__._____/ l....... ......
t
I
l

I \
I

I DELTAT_GO \ I

I <DELTAT_COAS MAX \__I M._M50_TO_SENSOR
AND /

I DELTAT_COAS /

>DELTAT_COAS_MIN /

I....... /

I
-I

I

I = M_BODY_TO_COAScoAS_IDM_MSO_TO_BODY_COAS I
| !
I : I

I
!

!
!

!
!

!
| ,, , , • _L _ • , _

!
l

!
, CALL: ANGLE_NAV
!, IN LIST:
I
!

I
I

!
l

l
I

l

VAR_COAS__HORIZ,

Q__COAS__HORIZ, VAR__COAS__

VERT, O__COAS__VERT,

COAS__ANGLES..EDIT__OVERRIDE,

COAS_ANGLES__STAT

l
l
l
I

l
_ i L_ L _' _

! \ I It

I COAS_ANGLES_ k._._l T_COAS._LAST = T_COAS I

I STAT = OFF / I _ _ I
!

(

(

Figure B-56.- COAS_NAV.
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s \ '' \ I
! !

, DO FOR \___i SENSOR_EDIT I \_,' DISP_DELQI : SENSOR_DELQI ,,

,II = I, 4 / I _ OFF / I DISP_SIG I = NAV_SIG I ,,
, / I,, / I,

I ----!

I

I
Ir -

!

, \ 1 I

I I

, I = 3 \__I DISP_DELQ I = DISP_DELQI/1000. 0 1
1 / 1

I

!J \
I I =2 \ I

I

" (_ \_" DISP--DELQI = DISP--DELQ I DEG_PER_RAD 1
I

,1=I / 1 I
I l

!
I

I

- i
I

' \ 1 1
I SENSOR_EDIT I \ ' DISP_EDITI----, = BLANK 1
I

, = STAT / I I..
1 / 1 -'

I

I I

I

1 '
I I 1
' \ I SEQ_ACCEF_ I = 0 1

,ISENSOr_EDIT I = ON \ I N REJECT I = N REJECT I + 1 ',

' / I I SEQ._REJECr I = SEQ_REJECTI + I 1

I I _ I

I I

I I

I I

I I \ I I
I I I

, I SEQ_REJECT I > REJ_MAX \ I DISP EDIT I = I
1 1 / ' ,
I I I, l

I l _//
!
I

1 I 1
I i SEQ_REJECT I : 0 I

, , CCEPTI CCEPT I,__, NJ = N__A + I '
i I

' SEQ-ACCEPTI = SEQ-ACCEPT I + I I
l

' 1
I

_ !

I

, \

' CCEPTI, SEQ__A > ACC_MIN \ I
I I

, OR k.__..l DISP_EDIT I = BLANK I
I SENSOR_EDIT I : FORCED / I

, /
I
, /

Figure B-57:- MEAS PRNCV.qqTMn qT^_V_v_o m_,,._
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VARIABLES LIST DEFINITIONS

79FMI0

CODE USED FOR VARIABLE DATA TYPE

F: floating point quantity; an n-dimensional floating point vector will be

denoted F(n); similarly, an n x m floating point matrix will be denoted by

F(n,m)

I: integer quantity; I(n) will denote an n-dimensional integer vector

B: bit, i.e., data having only values of 0 or I

C: character; C(n) will denote an n-dimensional character string

CODE USED FOR VARIABLE PRECISION

D: double precision

S: single precision; integer quantities are assumed single precision unless

otherwise specified

VARIABLE LOCATION

COMPOOL: Variable value located in common storage, accessible by all functions

LOCAL : Variable is used by one function only, and usable to other functions

through call argument only

VARIABLE INITIALIZATION CATEGORY

blank:

C:

DD:

HC:

MD:

display is vacant

constant (unchanging)

design dependent

hard coded

mission dependent (I-LOAD)

C-5



VARIABLE INITIAL VALUE

initial operation .sequence computer inputs

VARIABLE UPLINK AND DOWNLIST STATUS

UPLINK: variable is an uplink item

DOWNLIST: variable is a downlist item

UNITS DEFINITIONS

deg: angular measurement, degrees

ft: feet

ib: pounds

n.d. (or -) non-dimensional

tad:

see :

slugs:

vary:

radian

time measurement, seconds

mass measurement, slugs

units have different values which depend on variable use

79FMI0
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ZM
Earth's meanrotational
axis of epoch

79FMI0

/
/ \

\

Center of Earth
YM

XM

Mean vernal equinox

of epoch

Mean equator
of epoch

P

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Aries mean of 1950, Cartesian, coordinate system

The center of the Earth

The epoch is the beginning of Besselian Year 1950 or

Julian ephemeris date 2433282.423357.

The XM-Y M plane is the mean Earth's equator of epoch.

The XM axis is directed toward the mean vernal equinox
of epoch.

The ZM axis is directed along the Earth's mean rotational
axis of epoch and is positive north.

The YM axis completes a right-handed system.

Inertial, right-handed Cartesian system

!
Fi_,,rp __I Aries Mean of Î _" Cartesian.
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Earth's true-of-date
rotational axis

/ \

Center of Earth

XG

Prime (Greenwich)
meridian

_-of-dateequator

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Earth fixed (Greenwich true of date) coordinate system

The center of the Earth

The XG-Y G plane is the Earth's true-of-date equator.

The Z G axis is directed along the Earth's true-of-date

rotational axis and is positive north.

The +X G axis is directed toward the prime meridian.

The YG axis completes a right-handed system.

Rotating, rlght-handed Cartesian. Velocity vectors

expressed in this system are relative to a rotating

reference frame fixed to the Earth, whose rotation rates

are expressed relative to the Aries mean of 1950 system.

Figure C-2.- Earth-Fixed Greenwich True of Date.
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ZTR

Earth's true-of-date
rotational axis

79FMI0

\

Center of Earth
YTR

XTR

True equinox
of date

True of date equator

I-4

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Aries true of date, Cartesian, coordinate system

The center of the Earth

The epoch is the current time of interest.

The XTR-YTR plane is the Earth's true equator of epoch.

The XTR axis is directed toward the true vernal equinox
of epoch.

The ZTR axis is directed along the Earth's true rotational
axis of epoch and is positive north.

The YTR axis completes the right-handed system.

Quasi-inertial, right-handed Cartesian

Figure C-3.- Aries True of Date, Cartesian.
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4
P

h

YG

X G

Prime (Greenwich)

meridian

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

True-of-date

equator

Geodetic parameters

This system consists of a set of parameters rather than

a coordinate system; therefore, no origin is specified.

This system of parameters is based on an ellipsoidal model

of the Earth (e.g., the Fischer ellipse of 1960). For any

point of interest we define a line known as the geodetic

local vertical which is perpendicular to the ellipsoid

and which contains the point of interest.

h, geodetic altitude, is the distance from the point of

interest to the reference ellipsoid, measured alone the

geodetic local vertical, and is positive for points

outside the ellipsoid.

is the longitude measured in the plane of the Earth's

true equator from the Prime (Greenwich) Meridian to the

local meridian, measured positive eastward.

is the geodetic latitude, measured in the plane of
t_e local meridian from the Earth's true equator to the

geodetic local vertical, measured positive north from

the equator.

Rotating polar coordinate parameters. Only position vec-

tors are expressed in this coordinate system. Velocity

vectors should be expressed in the Aries mean of 1950 or

the Aries true-of-date polar for inertial or quasi-inertial

representations, respectively.

Figure C-4.- Geodetic Parameters (Basic Definitions) (Sheet I of 2)
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/
.,/ CD

P

/
R///

rE /

XGY G

Plane

NAME:

DEFINITIONS:

Geodetic parameters

h is the altitude of Point P, measured perpendicular

from the surface of the referenced ellipsoid.

is the geodetic latitude of Point P.D

is the geocentric latitude of Point P.C

is the angle between radius vector and equatorial

plane (declination).

is the longitude of Point P. Angle (+ east) between

plane of the figure and the plane formed by the Greenwich

Meridian.

Figure C-4.- Geodetic Parameters (Detailed Explanation) (Sheet 2 of 2).
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XLF

+YLF

ZLF

ALF

NAME:

ORIGIN:

ORIENTATION AND DEFINITIONS:

CHARACTERISTICS:

Runway coordinate system

Runway center at approach threshold

ZLF axis is normal to the ellipsoid model
through the runway centerllne at the approach
threshold and positive toward th_ center of
the Earth.

XLF axis is perpendicular to the ZLF axis and
lies in a plane containing the ZLF axis and the
runway centerline (positive in the direction of
landing).

YLF axis completes the right-handed system.

ALF is the runway azimuth measured in the

XLFYLF plane from true north to the +XLF
axis (positive clockwise).

Rotating, Earth-referenced

Figure C-5.- Runway Coordinate System.
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ellipsoid

XTD

D
NAME:

\
XTR

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Topodetic

Topodetlc coordinate system

Orbiter center of mass*

ZTD is normal to a geodetic local tangent plane and is

positive toward the Earth's center.

XTD is perpendicular to ZTD axis and is positive north-

ward along the meridian plane containing the Orbiter.

¥TD completes the rlgbt-handed orthogonal system.

Rotating, right-banded Cartesian system. Velocity vectors

are expressible in ibis system for the Orbiter, given

relative velocity VTD in this system•

-ZTD

TD = sin- I ....
VTD

TD = tan- I Y._TD.

XTD

D = geodetic latitude

*A similar system may be defined for any point of interest.

Figure _-u.- Tupodetic Coorclnate System.
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N ZRAD

XRAD

YRAD

NAME:

ORIGIN:

ORIENTATION AND DEFINITIONS:

CHARACTERISTICS:

MSBLS radar coordinate system

MSBLS radar position

ZRA D is normal to the ellipsoidal model,
positive away from the center of the Earth.

XRAD is in the local horizontal plane of

the radar in the boreslght direction of the

radar antenna. The angle AZ is measured
positively clockwise from true north to

XRAD.

Rotating, Earth-referenced

Figure C-7.- MSBLS Radar Coordinate System.
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+Zo
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J

÷X0

X0 = 0
XB 198

"Xo "Yo XT ,,741

-Z0

NAME:

ORIGIN:

ORIENTATION:

Body coordinate system (structural)

In the Orbiter plane of symmetry, 400 inches below the
centerline of the payload bay and at Orbiter X-station = 0

The X0 axis is in the vehicle plane of symmetry, parallel
to and 400 inches below the payload bay centerline.
Positive sense is from the nose of the vehicle toward the
tail.

) The Z0 axis is in the vehicle plane of symmetry, perpen-

dicular to the X0 axis and positive upward in landing
attitude,

CHARACTERISTICS:

The YO axis completes a right-handed system.

Rotating, right-banded Cartesian

) • _ .... -u.- _uuy Coordinate System (Structural).
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iwo-speed resolver
(Ixl8x)

coordinate resolver

Two-speed resolver

(IxlSx)

79FMI0

;ch

NAME:

ORIGIN:

ORIENTATION:

Single speed (8x)

resolver (redundant roll) Two-speed resolver

(IxlSx)

+Azimuth

Stable member (IMU)

The intersection of the innermost gimbal axis and the

measurement plane of the XY two-axis accelerometer

The Z I axis is coincident with the innermost gimbal
axis.

The X I axis is determined by the projection of the

X accelerometer input axis (IA) onto a plane orthogonal

to X I. ¥I completes a right-handed triad.

In a perfect IMU, with all misalinements zero, these

relationships hold:

The X accelerometer and X gyro IA's are parallel to the

X I axis.

The Y accelerometer and Y gyro IA's are parallel to the

YI axis.

The Z accelerometer and Z gyro IA's are parallel to the

Z I axis.

Figure C-9.- Stable Member (IMU) (Sheet I of 2).
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CHARACTERISTICS:Nonrotating,right-handed,Cartesiansystem

Thereferencealinementfor thegimbalcaseis defined
with thefour gimbalanglesat zeroandwith thevehicle
in a horizontalposition. In a perfect IMU, with all

misalinements zero and with all gimbal angles at zero,

the following relationships hold.

XNB, YNB, ZNB are Cartesian components of the naviga-

tion base coordinate system.

The outer roll axis and the Xl-axis will be parallel to

XNB. Positive X I will be in the forward direction.

Positive roll gimbal angles will be in the sense of a

rlght-handed rotation of the glmbal case relative to the

platform about the plus outer roll axis.

The pitch axis and YI will be parallel to YNB" Posi-

tive YI will be to the right of an observer looking

forward in the vehicle. Positive pitch gimbal angles

will be in the sense of a right-handed rotation of the

gimbal case relative to the platform about the plus pitch
axis.

The inner roll axis will be parallel to the outer roll

axis, with the sense of rotation the same as for the
outer roll axis.

The azimuth axis and ZI will be parallel to ZNB.

Positive Z I will be down, relative to an observer stand-

ing in the vehicle. Positive azimuth gimbel angles will

be in the sense of a right-handed rotation of the gimbal

case relative to the platform about the plus azimuth axis.

Figure C-9.- Stable Member (IMU) (Sheet 2 of 2).

79FMI0
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q
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_-Geotd

North

Earth's true of date
rotational axis

lipsold

U

XTR

Equator

YTR

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

NWU geographic coordinate system

Point of interest

U is positive up along the Earth's astronomic or plumb-
bob vertical.

W is positive along the cross product of U and the

Earth's spin axis.

N completes the rlght-handed orthogonal system
(N = W x U).

Rotating, right-handed, Earth-referenced coordinate system

Figure C-I0.- NWU Geographic Coordinate System.
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YBY

M
q
4

+Pitch

i

i

NAME:

XBy

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

Center
+Roll of gravity

L
+Yaw

P

N
r

ZBy

Body axis coordinate system

Center of mass

XBy axis is parallel to the Orbiter structural body

X O axis, positive toward the nose.

ZBy axis is parallel to the Orbiter plane of symmetry

and is perpendicular to XBy , positive down with respect
to the Orbiter fuselage.

YBY axis completes the right-handed orthogonal system.

Rotating, right-handed, Cartesian system

L, M, N: Moments about XBy , YBY, and ZBy axes,
respectively

p, q, r: Body rates about XBy, YBY, and ZBy axes,
respectively

p, q, r: Angular body acceleration about XBy , YBY,

and ZBy axes, respectively

The Euler sequence that is commonly associated with this

system is a yaw, pitch, roll sequence, where = yaw,

= pitch, and = roll or bank. This attitude sequence

is yaw, pitch, and roll around the ZBy , YBY' and XBy

axes, respectively.

Figure C-11.- Body Axis.
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Direction

of motion

Geocentric radius

vector of vehicl

V

LVehicle orbital

plane

NAME:

ORIGIN:

ORIENTATION:

CHARACTERISTICS:

UVW coordinate system

Point of interest

The U-V plane is the instantaneous orbit plane at epoch.

The U axis lles along the geocentric radius vector to

the vehicle and is positive radially outward.

The W axis lies along the instantaneous orbital angular

momentum vector at epoch and is positive in the direction

of the angular momentum vector.

The V axis completes a right-handed system (V = W x U).

Quasi-inertial, right-handed Cartesian coordinate system.

This system is quasi-lnertlal in the sense that it is

treated as an inertial coordinate system, but it is

redefined at each point of interest.

Figure C-12.- UVW Coordinate System
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I I
I I

,' EARTH_.FIXED_TO_M50_COORD (TIME) = M_M5OTOEF._AT_EPOCHT(M) ,,
I

, I

79FMI0

WHERE:

M_MSOTOEF_AT_EPOCH IS THE TRANSFORMATION FROM MEAN OF 1950 TO EARTH-FIXED

COORDINATES AT TIME = T_EPOCH. THIS MATRIX, T_EPOCH, AND EARTH_RATE INITIAL

VALUES ARE DISCUSSED IN SECTION 4.8.2.

M IS COMPUTED WITHIN THE FUNCTION (EARTH_FIXED_TO_MSO_COORD) AS

LAM = EARTH.BATE(TIME - T_EPOCH)

COS (LAM) -SIN (LAM) 0 \
S - SIN (LAM) COS (LAM) 0)0 0 I

Figure C-13.- EARTH_FIXED_TO_M5OCOORD FUNCTION.
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! 1
! !

EF TO TOPDET(LAT__OEOD, LON) = M '
I I
I ........ , , , I

WHERE

M IS CALCULATED WITHIN THE FUNCTION AS

CLON : COS(LON), SLON : SIN(LON)

CLAT : COS(LAT_GEOD), SLAT = SIN(LAT_GEOD)

M --

-SLAT CLON -SLAT SLON CLAT 1
-SLON CLON 0

-CLAT CLON -CLAT SLON -SLAT

Figure C-14.- EF_TO TOPDET FI_CTION.

C-33



79FMI0

I I
I I

,' EF_TO_RUNWAY(LAT_GEOD, LON, AZ) : (M)EF_TO_TOPDET(LAT_GEOD, LON) ,
J I
I, , , i

WHERE

M IS CALCULATED WITHIN THE FUNCTION AS

CAZ = COS(AZ), SAZ : SIN(AZ)

S --

I CAZ SAZ 0 1-S_ C_O 01

Figure C-15.- EF_TO_RUNWAY FUNCTION.
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I I

I EF_TO_SCANNER(LAT_GEOD, LON, AZ) : (M)EF_TO_RUNWAY(IAT_GEOD, LON, AZ) I
I I

I ,- I

WHERE

M IS CALCULATED WITHIN THE FUNCTION AS

M -- o o>-I 0
0 -I

I

I Figure C-16.- EF_TO_SCANNER FUNCTION.
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IN LIST:

OUT LIST:

£ _.EF
LAT__GEOD, LON, ALT

79FMI0

FLATCON = 1.0 - (I.0-ELLIPT) 2

A__O = 1.0 - FLATCON

R_XY = R_EF12+R_EF22

I

2 I/2

R = (R XY + R_EF 3 )
I

SIN_2 = R_EF3/R

, C0S_2 = (R_Xy)II21R

EARTH_RADIUS_EQUATOR

RAD__P =

(1.0 + FLATCON SIN_22/A_O) I/2

, DEL = (FLATCON SIN_P COS_P)/(I.0-FLATCON COS_2 2)

DEL_LAT = RAD_P DEL/R

PHI = TAN -I (SIN_2/COS_P)

LAT_GEOD = PHI + DEL_LAT

LON = ARCTAN2(R_EF2, R_EF I)

ALT = (R-RAD_2) (1.0-0.50 DEL DEL_LAT)

I, , ,

Figure C-17.- EF_TO_GEODETIC.
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GEODETIC_TO_EF(LAT_GEOD,LON, ALT) : _ _EF

79FMI0

WHERE

__EF IS CALCULATEDWITHINTHEFUNCTIONAS

CLAT: COS(LAT._GEOD),SLAT: SIN(LAT_GEOD)

DUM= (I - ELLIPT)2

DUMI: EARTH_RADIUS_EQUATOR/_ CLAT2_÷SLAT2 DUM

R_EF_EQUAT: (DUMI+ ALT)CLAT

_i _EF : (R._EF_EQUATCOS(LON),R_EF_EQUATSIN(LON),
(DUMDUMI+ ALT)SLAT)

D

Figure C-18.- GEODETIC_TO_EF FUNCTION.
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IN LIST: _, I

79FMI0

I I
I I
I I I

IR I I

I I
I I
I, W = (K x ][)IIK x 3[I I
I I
I I

I, z= L_xu) I
I I
I I

I UVW-TO--MS01TO 3,I = U I
I I
I I

" UVW-TO--M501 TO 3,2 : Z ,'
I I
I I

,' UVW_TO_M501 TO 3,3 : W ,'
: i
I, , I

Figure C-19.- UVW_TO_MSO FUNCTION.
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IN LIST: O._FIFTY_BODY

OUT LIST: MAT

I
I

I
!

I _

,,,,

MATRIX = QUAT_TO_MAT (Q_FIFTY_BODY)

I
I
I
I

I
I

I
I

I
I

I
I

I
I
I
I

I
I,

I
I

I
I

f

I
I

I

MATI 1 =-MATRIXI 1
!

I

MATI,2 '= MATRIX2,1
I
I
|

MAT1,3 = -MATRIX3 19 |
!

MAT2,1 = -MATRIXI 29 |
I
I

MAT2, 2 = MATRIX2, 2
I
I

MAT2, 3 = -MATRIX3, 2
I

f

MAT3,1 = -MATRIXI 3
I

1
MAT3, 2 = MATRIX2, 3

I

1
MAT3, 3 = -MATRIX3, 3

._ |

79FMI0

D

Figure C-20.- SBODYTO__M50:
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I I
I I

I A IJ QUAT_TOMAT(Q) = ,
! I
I, I

WHERE A IS CALCULATED WITHIN THE FUNCTION AS

! I
I I
I
, P2 = Q2 + Q2 i

,' P3 = Q3 + Q3 ,i
I P4 Q4 + Q4 I

,' P5 = P2 Q2 I'
,' P6 = P4 Q4 I

i TEMP = 1.0 - P3 Q3 I
I
' AI I = T_P-P6 ]
I A2 '

A ,2 = 1.0-PS-P6 I

I _ 3 = T_P-P5I P '
= P2 Q3 I

I P6 P4 QI I
I AI 2 = P5-P6 i
' A2 I = P5 + P6 I
I P5 '= P2 Q4

t' P6 = P3 Q I Ii
I

' AI 3 = P5 + P6 I
1 I = P5-P6 ,

= P3 Q4

i' P6 = P2 QI "
I
' A2 3 = P5-P6 I

I A312 = P5 + P6 I
t I
I, , I

79FMI0

Figure C-21 .- QUAT_TO_MAT FUNCTION.
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)
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I I
I I

I I

' XNI TO 3 = __.PRED_INIT ,

Z XN 4 TO 6 = __PRED_INIT

I XN7 = O. I
I I
I.. , _ , , . I

!, \

, GMDP = 0 \
I, /

i_ /
I

_ I J. ,

I !
! !

!
, CALL : PINES_METHOD 1

I IN LIST: XN, T CUR, GMOP, I
I I
, GMDP, DMP, VMP, !
l
! ATMP, T__PRED__INIT 1
I I
, OUT LIST: /_RIV, X
$ l

I-- _ .... I

l
. ,|

I l
l I

I __PRED_FINAL : X I TO 3 1

I !...2RED_FINAL = X 4 TO 6 "
I l
! ...... |

l I
! l

, I T_CUR = T_PRED_FINAL -T_PRED_INIT l
l l l
l ! l

!
l

I
I

l
l

l
l

l
l

I
!

l
l

l
l

l
l

l l l
l ! !

,__,'' T__CUR = O. ,'

,'DT__STEP = PRED__STEP '
l I
I I

l
, , ,_ , . , .....

l % l l

I DT_STEP > DT_MAX _.._I DT_STEP = DT_MAX I
!

,j
l
I

l

, , , , , ,I

!
I

I

!

,'N__STEPS = CEILING

/ I........ I
/

|
!

I I T.__RED_F INCh -T.-._RED...I NIT li_ Ii\ _ 1
!
I

T_P RED_F INAL -T._PRED_INIT I
l
I

N_STEPS I
t

, _ T, , , !

l
l

l
l

l
I

,'DT_.STEP =
I
I

l
! • , , , ,

I
. , , _ , ,

' \!
I DO FOtt I = 1 \

I TO N_STEPS / I
! / !I , , , I

I

I !
l l

,' CALL : RK_GILL !'

,' IN LIST: _N, DT__STEP, T__CUR, GMOP, GMDP, !'

!' DMP, VMP, ATMP, T__PRED._INIT ,'

1 OUT LIST: XN, T__CUR I
! i
! . _ ..... , , !

Figure C-22.- ONORBIT_PREDICT.
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VARIABLES LIST DEFINITIONS

CODE USED FOR VARIABLE DATA TYPE

F: floating point quantity; an n-dimensional floating point vector will be

denoted F(n); similarly, an n x m floating point matrix will be denoted by

F(n,m)

I: integer quantity; I(n) will denote an n-dimensional integer vector

B: bit, i.e., data having only values of 0 or I

C: character. C(n) will denote an n-dimensional character string

CODE USED FOR VARIABLE PRECISION

D: double precision

S: single precision; integer quantities are assumed single precision unless

otherwise stated

VARIABLE LOCATION

COMPOOL: Variable value located in common storage, accessible by all functions

LOCAL: Variable is used by one function only, and usable to other functions

through call argument only

VARIABLE INITIALIZATION CATEGORY

blank:

C:

DD:

HC:

MD:

display is vacant

constant (unchanging)

design dependent

hard coded

mission dependent (I-LOAD)

! D-5



VARIABLEINITIAL VALUE

initial operation sequence computer inputs

VARIABLEUPLINKANDDOWNLISTSTATUS

UPLINK: variable is an uplink item

DOWNLIST:variable is a downlist item

UNITSDEFINITIONS

deg:

ft:

ib:

n.d.:

rad :

see:

slugs :

vary:

angular measurement, degrees

feet

pounds

non-dlmensional

radian

time measurement, seconds

mass measurement, slugs

units have different values which depend on variable use

79FMI0
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(TRANSTOMM201FROMOPS-I, OPS-3,
OROPS-8), (TRANSTOOPS-8FROM
MM201),OR(OPS-2FROMOPS-O0)

I \
I EVENT60, OR\ [ \
' EVENT__ElOR \ I OPS_2_OR_8_\I I

\I EVENT 60A, OR \_I INITIALIZE_ _i

' EVENT_6OB, OR / I COMPLETE /I

,_EVENT_84 / I = ON /
I I, / I ....... /

S CHEDULE:

SCHEDULE:

ONORBIT_RENDUSER_PARAM_

STATEPROP

REPEAT EVERY 1.92 SEC

ONO RB IT_US ER_PA RAMETE R_
I #
I. , , #

, , |B.

!i \

' EVENT_73 \t

I (TRANS TO _201 \ _ _=
Ii FROM MM202 ) /
Io /
, /

I
I

I
!

I
I

!

I! X

' EVENT 69 \I
I! (INITIATE

,i GUIDANCE)
I
!

I

CALCULATIONS

REPEAT EVERY 1.92 SEC

!
!

I, CANCEL:
I
!

I SCHEDULE:
t
|

l
!

|
I

_ l

l
!

ONORBIT_REND_USER_PARAM_STATEPROP I

I
I

ONORBIT__REND__USER__PARAM__STATE__PROP ii
!
i

REPEAT EVERY I.92 SEC !'
t

, !

!
!

I
ONORBIT_REND_USER_PA RAM_ST AT E_PROP*

I
I

ONORB IT_RE ND_US ER_PARAM_ST ATE_PROP I
I
t

REPEAT EVERY 0.96 SEC I
!

l
!

l, CANCEL:
l
!

\ ...... I SCHEDULE:

/ I
/ 1

,/ 1.......

*THE PURPOSE OF THIS CANCELLATION AND RESCHEDULING IS TO SYNCHRONIZE THIS MODULE

WITH THE EXECUTION OF ONORBIT GUIDANCE, WHICH IS TO BEGIN COMPUTATIONS AT THIS

TIME.

Figure D-I .- ONORBIT_REND_.UPP._SEQ.
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I I
! I

I
, SNAP (V _IMU_SNAP, T_IMU) I
I I
i ..... I

i

I
!

I I I
I, I I

I

, \ I R_AVGG : R_RESET I
I I
, FILT_UPDATE \_I V _AVGG : V ._RESET

I / I I[ _IMU_OLD = _/IMU_RESET I

,' . I_ ,'T__STATE : T RESET ,'
I I I
I I ...... !

I
I

I

I I
I I

! !

I
I

I
I

I I
,I I

I Ii \ ,

,'USE_IMU_DATA \, I A. _SENSED =
S J ! !
I / I !

! p I !
I I I I, ,

I I
I I

I I
I I

I I I I
I I I I

I
, I__I A .SENSED : 0 1
I I I
I I I

!
I

I

,I

I
!

Y_ _IMU_SNAP-Y_ _IMU_OLD I
I
I

DT_IMU I
I

• , ,I

I I
I I

I I
, CALL: AVERAGE_G INTEGRATOR

I IN LIST: R _AVGG, V _AVGG, DT_IMU, A SENSED, T-STATE, T_IMU 1

I OUT LIST: R_AVGG, V _AVGG I
I I
I I

I
I

I
_1 .

I REND_NAV_FLAG _....._._I FILT_UPDATE ___._I R _TARGET : R TV RESET I

I I __ _ I, / , I I V TARGET = V TV RESET '

1 .... / I ..... / I 1
! I
! !

! t

! . , ,I

! I I
I I I

I I A _SENSED : 0. I
I I I
I I I

I I
I I

• I I
I I

(CONT'D) (CONT'D)

Figure D-2.- ONORBIT_REND_USER_PARAM_STATE_PROP (Sheet I of 2).
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(CONT'D)
I
I

I
I

t
I

$
I

I
I

I
I

I
t

79FMI0

(CONT 'D )
!
I
I

t I
I I

tI CALL: AVERAGE_G_INTEGRATOR
I t
, IN LIST: __TARGET, _ _TARGET, DT_IMU, A_SENSED, T_STATE, T_IMU ,

I OUT LIST: _ ._TARGET, _ _TARGET 1
I I
I .... I

I

!
I

I
!

t

t I
I I

II T__STATE = T__IMU

I V __IMU__OLD = ]L __IMU__SNAP 1

,'FILT__UPDATE = OFF ,'
I I

Figure D-2.- ONORBIT_REND_USER_PARAM STATE_PROP (Sheet 2 of 2).
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IN LIST: R ._AV , V _AV, DTIME , AC , T_STATE , T_IMU

OUT LIST: R _AV, __AV

79FMI0

I I
I I

I I
, 9_R : _CCEL_ONORBIT (GM_DEG. LOW, GM_ORD_LOW, DFL_AVG, VFLTV_PRED, ATFL_OV,
I I, __AV, __AV, T_STATE)
I I, __AV = _..AV + DTIME [___AV + 0.5 DTIME (AC + _._R)]

I _RI = _CCEL._ONORBIT (GM_DEG_LOW, GM_ORD_LOW, DFL_AVG, VFLTVPRED, ATFL_OV, 1
I I
, __AV, I-AV, T IMU)

I __AV : __AV + DTIME [_C + 0.5 (_R + _I)] 1
I I

I ...... I

Figure D-3.- AVERAGE_G_INTEGRATOR.
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I !

I REND_NAV_FLAG \__,' DEL_B_TARG : B._TARGET -R _AVGG

' / I /IEL_V_TARG = ][ TARGET -][ _AVGG

l / i
I

I
I

I

,|,,

I" " l
! I

I M50_TO...EF -EARTH._FIXED_TO_M50_COORD(T--STATE) T I
! |

I

I R _EF : M50_TO_EF R _AVGG

I _i EF : M50_TO_EF V _AVGG

I V_RHO_EF I : V_EF I + EARTH_RATE R_EF 2

I V_RHO_EF 2 : V--EF2 - EARTH_RATE R_EF I

' V RHO_EF 3 = V_.I_F 3
I
!

T_SEC_GMT = T_STATE

I
l

I
I

I
. .|

D

Figure D-4.- ONORBIT_USER_PARAMETER_CALCULATIONS.
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D

P

VARIABLES LIST DEFINITIONS

CODE USED FOR VARIABLE DATA TYPE

F:

79FMI0

Floating point quantity. An n-dimensional floating point vector will be

denoted F(n). Similarly, an n x m floating point matrix will be denoted

by F(n,m).

I: Integer quantity; I(n) will denote an n-dimensional integer vector

B. Bit, i.e., data having only values of 0 or I

C: Character; C(n) will denote an n-dimensional character string

CODE USED FOR VARIABLE PRECISION

D: Double precision

S: Single precision; integer quantities are assumed single precision unless
otherwise stated

VARIABLE LOCATION

CO_4POOL: Variable value located in common storage, accessible by all functions.

LOCAL: Variable is used by one function only, and usable to other functions

through call argument only

VARIABLE INITIALIZATION CATEGORY

blank: Display is vacant

C: Constant (unchanging)

DD: Desi_o__.dependent

HC: Hard coded

MD: Mission dependent (I-LOAD)

VARIABLE INITIAL VALUE

Initial operation sequence computer inputs

E-5



VARIABLEUPLINK AND DOWNLIST STATUS

UPLINK: Variable is an uplink item

DOWNLIST: Variable is a downlist item

UNITS DEFINITIONS

deg: angular measurement, degrees

ft: feet

ib: pounds

n.d.: non-dimenslonal

rad: radian

sec: time measurement, seconds

Slugs: mass measurement, slugs

Vary: Units have different values which depend on variable use

79FMI0
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)

' \!

I, ITEMI__IN \

I /
I.... /

_ON

I I
I I

I I : PRI MAXI_SELECT '
I I I, d =0 , ,
$ ! I
I _ , ,I !

I
I
I
I ,

I I
I I

I MAXI_RWY_TRANSFER CODE I
I I
I .... !

I
I
)
I

I I
i I

, DO

I MAXI_TAC_TRANSFER CODE 1
I I
I. !

l
!
I

I
I I

I ITEMI_IN = OFF 1

I PRI_MAXI_CURRENT : I I
I I
I .... I

I
I' \ I oI

,'ITEM2__IN \.._ ON I I --SEC__MAXI_SELECT ',
I / ! $, - , J= I ,

I I
I . -- I

I
I

I
I

79FMI0

I
I
!
I

5
I
I
I
t
!
I
t
J
i
J

' \!

I ITEM3_IN \
I, /
|
I , /

I I I
I I I I

I DO I__I ITEM2_IN : OFF I

I MAXI_RWY_TRANSFER CODE I I SEC_MAXI_CURRENT = I I
| I I I
I , I I !

ON I I : ALT_MAXI_SELECT I
I !, J : 2
t I
l, . . l

I
I
l

, I
I I I

I l lI

' ' ITEM3 IN = OFF !I DO '--' -- '

I MAXI_RWY_TRANSFER CODE I I ALT_.MAXI_CURRENT = I 1
I I ] I
+I, I l+_ I

) Figure E-I - Landin_ _it_. llpHm'l-.=, p,-,..i,,.,+,,-_po'I P .... <'-<^,,"
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1%. t I

\ J JI I < 3 __, K = I ,
I I

!
! .

I %% I II I I

' 4 OR k.___' - ,, I = , K=I 1 '

I I ! !, I=5 / ' '

I / s
I . _ .., I

I
!

I I
I I

' K=O 'I I

I I

! .... I

I
I

I
I

' /!

•i (_ransfer go prlmarv)

J ____.__K_9._[ RW_LAT_PSL = RW_LAT I I

,' ,'RW__LON__PSL : RW__LON I "

I I RW_AZIMUTH_PSL = RW_AZIMUTH I I

,' ,'RUNWAY__ALT__PSL = RUNWAY__ALT I _

I I RW__DELH__PSL : RW__DELH I I

I I RW_MAG_VAR_PSL = RW_MAG_VAR I I

i' I RUNWAY_NAME_PSL = RUNWAY_NAMEI ,i

I I , , I

I I
I , I

I \ ?, II l I I

1 _ I, , K : 0 k___-.-I MLS__AVAIL__PSL : OFF '

I I l I_ •

i i lI I , I

I I
t I

I I
I I

,' I LAT_HLS.j_._AZ_PSL = LAT_J_LS_R_AZ K

I I LONG_MLS_R_AZ_PSL = LONG_MLS_R-AZK

' R AZ RADAR BEARING_.PSL = R_AZ RADAR._BEARINS K

I I ALT_MLS_R_AZ_FSL : ALT_MLS_R_AZK

I I LAT_J_LSEL_PSL = LAT_MLSEL K

I I LONG__MLSEL__PSL : LONG__MLSELK

,' ',ALT_MLSEL__PSL = ALT__MLSEL K

' _ EL SCANNER._BEARING_PSL --EL__SCANNER BEARING K

I I BIAS_MLSRANGE_PSL = BIAS._MLSRANGEK

I I BIAS_AZMLS_PSL = BIAS_AZMLSK

' [ BIAS_ELMLS_PSL = BIAS_ELMLS K

,' I X_DMEAZ__RW__PSL = X--DMEAZ__RW K

I I X_EL__RW_PSL = X_EL_RW K

,' I Y_DMEAZ_RW_PSL = Y_DMEAZ_RWK

| I MLS_AVAIL_PSL : ON%
I l

I

(CONT 'D )

Figure E-2.- MAXI_RWY_TRANSFER CODE (Sheet I of 2).

l
I

l
l

l
l

l
'I

l
l

l
I

l
I

l
l

I
l

l
l

l
l

I
I

l
l

l
l

l
l

l
I

l

,..l
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}

(CON T 'D )
$
I

' (transfer to secondary)
i _ = , _

I I I

1 : I I RW_LAT_SSL = RW_LAT I 1

,'RW_LON_SSL = RW_LON I !'

{ RW_AZIMUTH SSL = RW_AZIMUTH I I

I RUNWAY_ALT_SSL = RUNWAY_ALT I [

I RW_DELH_SSL = RW_DELH I {

I RW_MAG_VAR_SSL = RW MAG_VAR I I
l

{ RUNWA¥__NAME__SSL = RUNWAY__NAME I ,
l !

Sj__ I

t
I_

I \ {
I K = 0 __._.; MLS_.AVAIL_Sm. = OFF
l / I {
I / ,I , , I

!

!

!
I

LAT_MLS_R_AZ_SSL = LAT_MLS_R_AZ K

{ LONG_MLS_R_AZ_SSL = LONG_MLS_R_AZ K

I R_AZ_RADAR_BEARING_SSL = R__Z_RADAR_BEARING K

' ALT MLS_R_AZ SSL = ALT MLS_R_AZ K

,'LAT__MLSEL_SSL = LAT_MLSEL K

I LONG_MLSEL_SSL : LONG_MLSEL K

' ALT_MLSEL_SSL = ALT_MLSEL K!

{ EL__SCANNER__BEARING__SSL = EL__SCANNER__BEARING K

I BIAS__MLSRANGE__SSL = BIAS__MLSRANGE K

' BIAS AZMLS SSL = BIAS__AZMLS K

,'BIAS_ELMLS__SSL = BIAS__ELMLS K

I X__DMEAZ_RW__SSL = X__DMEAZ__RW K

,'X__EL__RW__SSL = X_EL__RW K

I Y_DMEAZ_RW_SSL : Y_DMEAZ_RW K

{ _S_AVAIL_SSL : ON
{ , , , |

(transfer to alternate)
I i
I I

= 2 _ RW_LAT_ASL = RW_LAT I _!

,'RW_LON_ASL = RW_LON I !

I RW_AZIMUTH_ASL = RW_AZIMUTH I I

I RUNWAY_ALT_ASL = RUNWAY_ALT I I

I RW_DELH_ASL = RW_DELH I

{ RW__MAG__VAR__ASL = RW__MAG__VAR I {

,'RUNWAY__NAME__ASL = RUNWAY__NAME I ,'
l I

Figure E-2.- MAXI_RWY_TRANSFER CODE (Sheet ? of 2),
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I, \
|, I<4 \_

, /

I .... /
I
I

I

I
I

t, DO J FROM

I 1 TO 10
I

\

/ I

/ I
I
I

I

I
I

I,L=J+K
!

I
I

I
I

I
I

I

I • ,

I
i

YES I K = 0
I I
I I ,

I

!
I

I., NO

\ I
I <7 \__I

/ I
I
I

!
I

I
I

1 I < 11

!

I
I

t
I

I
--I

I
!

K = I0 I
I

, , |

\ I I
\__I K= 20 I
/ I I I
• I I, . |

I

! !

I I I
I , I I

' \ I 'I I

I I < 15 \__I
I ! I
I I I I

, , [ I !

I I

I

|j_

!
!

,' TACAN__IDj = TACAN_ID_HAXI L I

,' LATITUDE__GEODETICj = LATITUDE__GEODETIC__MAXI L I

1 LONGITUDE_EASTj = LONGITUDE_EAST_MAXI L I

,' ALT_ABOVE_ELLIPSOIDj = ALT £BOVE_ELLIPSOID__XI L ',

' MSL__ABOVE_ELLIPSOIDj = MSL_ABOVE_ELLIPSOID_MAXI L _'
I MAGNETIC_VARIATIONj = MAGNETIC__VARIATION__MAXI L I

,' BIAS_TAC_BRGj = 0.0 ,'

,' BIAS__TAC_Rj = O. 0 ,'
t $

79FMI0

I
I

K=30 I
|

...... I

I
4

K =40 I
I
I

Figure E-3.- MAXI_TAC_TRANSFER CODE.
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VARIABLES LIST DEFINITIONS

79FMI0

CODE USED FOR VARIABLE DATA TYPE

F: floating point quantity; an n-dimensional floating point vector will be

denoted F(n); similarly, an n x m floating point matrix will be denoted by

F(n,m)

I: integer quantity; I(n) will denote an n-dimensional integer vector

B: bit, i.e., data having only values of 0 or I

C: character; C(n) will denote an n-dimensional character string

CODE USED FOR VARIABLE PRECISION

D: double precision

S: single precision. Integer quantities are assumed single precision unless
otherwise stated.

VARIABLE LOCATION

COMPOOL: Variable value located in common storage, accessible by all functions

LOCAL: Variable is used by one function only, and usable to other functions

through call argument only

VARIABLE INITIALIZATION CATEGORY

blank :

C:

DD:

HC:

MD:

display is vacant

constant (unchanging), Level A

design dependent

hard coded

mission dependent (I-Load)

VARIABLE INITIAL VALUE

Initial operation sequence computer inputs

F-5



VARIABLEUPLINK AND DOWNLIST STATUS

UPLINK: variable is an uplink item

DOWNLIST: variable is a downlist item

UNITS DEFINITIONS

deg:

ft:

ib:

n.d.:

rad:

sec:

slugs :

vary:

angular measurement, degrees

feet

pounds

non-dimensional

radian

time measurement, seconds

mass measurement, slugs

units have different values which depend on variable use

79FMI0
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I

, \
I
, OP__CODE = 0001001 \
I

, /
I

I
I

I
I

I
I_

I

I
I

I
I

I
I

I
I

I
I

I

I, ,

I
I

I
I

I
I

I
I

I
._|

DO__OV__UPLINK = ON

R _GND : BUFFER_R

V _GND = BUFFER_V

T_GND : BUFFER__T

I
I

I
I

I

I ,,

OP__CODE = 0000000

I
I

I
I

I
I

79FMI0

ORBITER_STATE_VECTORUPLINK
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I, \

l' OP_CODE = 0001010 \
I, /
!
I /

I
I

I
I
I
I

I
I

I

I I
I I
I
, DO__TV__UPLINK = ON 1
! !
i. i

!
!

I
I

t
I

I !
I I

:l W TV _TT'% _- BTT,2171_W D,I", '

! t
I I

! l, V __TV__GND = _.UFFER__VT ,
l I
l i

,' T__TV__GND = BUFFER TT !'
! t
Io I

l
I

l
I

l
. I

I
I

!' OP__CODE - 0000000
t
|_ _

!
I
!
!
!

, !

79FMI0

RENDEZVOUS_STATE_VECTOR_UPLINK

F-20



D

I \

I OP_CODE = 0101001 \
, /

/
| ..... -

I
!

I
I

!
I

!

!
I

!
I

$

! I
! !

I I
, y.FORCE = BUFFER_B ,

I I

I I, TFON = BUFFEIt__O1 '
I !
! I

' BUFFER._O2 ', TFOFF =
t t
{.... -I

!
I

I
!

I

t |
I !

,' OP CODE = 0000000 ',
! t
I !

79FMI0

VENT_RCS_MODE L_PARAM_UPLINK
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I, \

,' OP_CODE = 0101010 \
I /
I
l ,, j , • , , , /

I
I

I
I

l
I

l
I

I
!

l
I

I

I I
| I

I
| KFACTOR : BUFFER__K 1
I i
I I

I
I

I
I

I
..-* .

I I
I I

,' OP__CODE = 0000000 ,'
I I

I • I

79FMI0

DRAG_MO DEL_PA RAM_'u_LiNK
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I
, \

,J OP__CODE = 0101011 \
I
, /
I

SIG--UPDATEI TO 6 = BUFFER--St TO 6

COV--COR--UPDATEI TO 7 : BUFFER--Cl TO 7

I
I
I
I
I
I

I
, 1
,' OP__CODE : 0000000 ,'
I I
I_ I

79FMI0

COV_MATRIX_PARAM_UPLINK
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I, \ I

,' DO_OV_UPLINK \__I
I
, / I
I ........ / ]

! I
I I
! I
! I
I I
I !

! I
I I

I !
! !

I I
I I

t I
I I
! I
I |

I I
I I

! !
I !

I
t
!
I

! I
! I

I I
I I

I !
! !
I
!

I
!
I

I
I
!
I
I
!

I
I
!
I

I I
l i

I t
! I
I !
I !

I I
! !

I I
I I

t t
I I-
I
t
!
I
I
!
I I
I I
I !
I I

I I
I !

I I
! !
I
I

I
I

I
I

(CONT 'D)

I
I

PRED_ORB_MASS = CURR_ORB_MASS ]

PRED_ORB_AREA = REF ORB_AREA ,

PRED__ORB__CD : REF__ORB__CD I

GMDP : GM._DEG I

GMOP : GM_ORD I

DMP = DFL ]

VMP = VFLOV__PRED i

ATMP : I I

PRED_STEP : PREC STEP_PRED ',

_PRED_INIT : ]i _GND ]

Y_ _PRED_INIT = V _GND I

T_PRED_INIT = T_GND ,

T_PRED_FINAL : T_CURRENT_FILT I
t

: i

CALL:

I
I
I

I
I

ONORBIT PREDICT '
I
t

I
I
I

I
I
!
I
I
I
t

I
I
I

= , I

_FILT : _i _PRED._FINAL

V _FILT : .V__PRED_FINAL

\

REND_NAV_FLAG : ON \ I

AND k__.._l

DO_TV_UPLINK = OFF / I
/

/
I
I

I
I

I
I

CALL: REND_COV..INIT

T_ORB_STATE_UPDATE = T_CURRENT_FILT

DO_OV_UPLINK = OFF

!
I
I
I
I
I

I
I

79FMI0

Figure F-3.- ONORBIT REND_AUTO_INFLIGHT_UPDATE (Sheet I of 2).
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(CONTID)
!
I

I

1 \ 1 \
I _._.TV.. UPLINK k_..l RENDJAV_.FLA_ \
1 / 1 /
I ..... - / I_ _ /

l
I

I
I

I
I

I

I I
I I

] R.TV = __TV_GND I

I E _Tv : l& _TV__ND I
T_TV : T_TV_GND

I
I

' GMDP : GM__DEG

I GMOP = GM__ORD

DMP : DFL

[ VMP : VFLTV__PRED

79FMI0

I ATMP : ATFL__TV

I PRED__STEP = PREC__STEP__PRED

I ]_ __PRED__INIT : K TV__GND

V PRED__INIT : Y_ TV GND

t
• ! !

I l I
I

' T TV__STATE UPDATE : T CURRENT__FILT '| -- -- I I. .

I DO TV UPLINK : OFF _ _ i
' -- -- I I _ ._TV : _ PRED_FINAL I

'_ [ _ _TV : _ _PRED_FINAL ]
! !
I 1

!
I

I
I

|
I

I
I

I
I

I
I

1
I

l
I

5
I

I T_PRED_INIT : T_TV_GND I

I T_PRED_FINAL : T_CURRENT_FILT I
! !

I
!

I

_=-.- : _-|_

1 1
I !

[ CALL: ONORBIT_.PREDICT [
1

|L

I
l

I
I.

I t
I I

I CALL: REND_COV_IN IT I
1 t

}

} Figure F-3.- ONORBIT REND_AUTO INFLIGHT UPDATE (Shmmt P n_ 9b
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\ I LND_SITE_NO>0 \ I \
I DO.JR_D.._SITE_k.__l AND k.._l LND_SITE_
I UPLINK -ON / _ LND_SITE_NO <22 / I NO <19 /

, /

I
I
I
I

!
|

I
I

I

I I
I I

I DO_LND_SITE_ l
| TTT_Y "r tTTr F_ I
i ,.,L-,,.i.*,i_,,r. U-P-P i

I !

|
I

I _J I
1 !
I I

I I
__I I

|
I

I
__|

I
I

I
l

I
I
I
l

I
I

I
I

I
I

I
l

l
L_

' \

(MAXI)
t
i

RW_LAT I = RW_LAT_UL

i _W_.LON I = RW_LON_UL

I RW_AZIMUTHI = RW_AZIMUTH_UL

I RUNWAY_ALTI = RUNWAY_ALT_UL

,'RW_DEIB I = RW_DELH_UL

] RW_MAG_VAR I = RW__G_VAR_UL

I RUNWAY--NAMEI = RUNWAY_NAME_UL " SPARE_UL*
t
!

.l I
l I

__,'I = LND__SITE__NO _!
! I
! _-

I
!

!
!

!

!
!

!

t
!

!
t

t
I _

(PRIMARY)
!
!

I RW_LAT_2SL = RW_LAT_UL

RW_LON_PSL " RW_LON_UL

, I RW_.AZIMUTH._PSL = RW__AZIMUTH_UL

LND_SITE_NO \___.I RUNWAY_.ALT_PSL : RUNWAY_ALT._UL

I = 19 / I._ RW_DELH_PSL = RW_DELH_UL

I / I I RW_2MAG_VAR_PSL = RW...F_G_VAR_UL ,

-- ' _ RUNWAY_NAME_PSL = RUNWAY_NAME_UL • SPARE_UL* I
| I

I I MLS_AVAIL_PSL = OFF !!
! ! !
t t

I
l

I
I

!
l

I
l

|
I

(CONT 'D )

*Implies catenation of first character string with first character of second

character string.

Figure F-5.- LANDING_SITE_MAXI_MINI_UFLINK (Sheet I of 2).
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(CONTtD)

(SECONDARY) ....
t
!

RW_LAT_SSL = RW_LAT_UL

I RW LON_SSL : RW_LON_UL

,' \ I RW_AZIMUTH_SSL : RW_AZIMUTH_UL

I LND__SITE_NO k_._l RUNWAY_ALT_SSL : RUNWAY_ALT_UL

: 20 / I I RW_DELH_SSL - RW_DELH_UL

I__ __/ I _ RW.)4AG_VAR_SSL = RW_MAG_VAR UL

I RUNWAY_NAME_SSL : RUNWAY_NAME_UL • SPARE_UL* I

,' ',MLS__AVAIL__SSL : OFF ,'
! ! i
I I- I

!
i

I (ALTF._NATE) ....
! ! !
I ! l

,' ',RW__LAT__ASL = RW__LAT__UL *,

! I I, , RW__LON__ASL = RW_.LON__UL

____ RW_AZIMUTH_ASL = RW_AZIMUTH_UL I

RUNWAY_ALT__SL : RUNWAY_ALT_UL I

I RW_DELH_ASL : RW_DELH_UL I

RW_MAG_YAR_ASL = RW_MAG_VAR_UL I

I RUNWAY__NAME_ASL = RUNWAY_NAME_UL • SPARE_UL* I
! I

t .......... - !

)

)
*Implies catenation of first character string with first character of second

character string.

) Figure F-5.- LANDING_SITE./MAXI_MINI_UPLINK (Sheet 2 of 2).
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I, \

I TAC_SITE_ \
! ! !, \ i NO>O \ i \ , ,

' DO__TACAN__SITE__ \ ', __, AND \__I TAC__SITE__ \_I I : TAC__SITE__NO-50 ,
I, UPLINK = ON / I TAC_SITE_ / I NO > 50 / I I I

1 / I NO <61 / '_ ' '
........ I _ I I

1 / 1 1 1
I I I I I
I I I I I

I I I
__ I I I

I I I
I I I

I I I
I ..... I I

I I I
I I I

' ' (MINI)I I !

! l !
l I I

i i i LATZTODE_GSODBTiC I = LAllluus_umuumllb_u5 i

,' ,' ',LONGITUDE__EAST I = LONGITUDE__EAST__UL ',
I I

, , I ALT_ABOVE_ELLIPSOID I = ALT_ABOVE_ELLIPSOIDUL 1
I t

, , I MSL_ABOVE_ELLIPSOID I : MSL_ABOVE_ELLIPSOID_UL I
I ! l

, _ __: _ ! , MAGNETIC__VARIATION I = MAGNETIC__VARIATION__UL ',
! I !

, i , I BIAS__TAC__BRG I = BIAS__TAC__BRG__UL I

I DO_TACAN_SITE_ I I I BIAS_TAC_R I : BIAS_TAC_R_UL I

I UPLINK = OFF I I ' D I !, TAC__I = TACAN__ID__UL !
t ! ! i !
i - ! l l.... _ !

l
l

l
I

l
I

I l
I I

I I
l__l

l
l

I = TAC__SITE__NO

I
l

l
l

I
!( _ X I ) I

I
I

,'TACAN._D_MAXI I = TACAN_/D_UL

I LATITUDE_GEODETIC_MAXI I = LATITUDE_GEODETIC_UL

I LONGITUDE_EAST_MAXI I = LONGITUDE_EAST_UL
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Figure F-6.- TACAN_SITE_MAXI_MINI_UPLINK.
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Figure F-7.- SITE_SELECTION_UPLINK.
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APPENDIX G

INTERFACE DIAGRAMS FOR THE ONORBIT/RENDEZVOUS

NAVIGATION SEQUENCER PRINCIPAL FUNCTION, THE

ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL FUNCTION

AND THE ONORBIT PRECISION STATE PREDICTION
PRINCIPAL FUNCTION
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This appendix provides supplementary interface information concerning the follow-

ing principal functions:

- Onorblt/Rendezvous Navigation Sequencer

- Onorbit/Rendezvous Navigation

- Onorbit Precision State Prediction

The intent of this appendix is to provide block diagrams for each principal func-

tion in order to supply the following information:

a. The constituent subfunctions of each principal function.

b. A calling diagram for each subfunction in each principal function.

c. The interrelationship of the principal functions.

The information contained in this appendix is intended to be supplementary only.
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Plgure G-3.- The onorbit precision state prediction principal function.
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